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1 .   INTRODUCTION 

This  report  has  been  prepared  for  the  Urban  Investment  and 
Development  Company,  the  proponent  of  the  Copley  Place  develop- 
ment located  in  Boston,  Massachusetts.   It  documents  the  procedures 
and  conclusions  of  the  noise  studies  relating  to  the  proposed 
project.   This  document  presents  analyses  of: 

•  Measured  noise  levels  near  the  site; 

•  Contributions  to  measured  noise  levels  modeled  by 
component ; 

•  Construction  noise  impacts; 

•  Operational  noise  impacts;  and 

•  Relevant  noise  level  criteria. 

These  analyses  are  based  on  the  following  sources  of  data: 

•  1978  noise  measurements  presented  in  the  1978  Draft 
EIR  for  Copley  Place; 

•  A  24-hour  noise  monitoring  program  undertaken  adjacent 
to  the  Copley  Place  site  in  1979; 

•  The  most  recent  traffic  data  available*; 

•  Best  available  construction  schedule  scenarios;  and 

•  Current  design  of  HVAC  vents  and  barrier  configurations. 

All  raw  data,  models,  and  calculations  are  presented  in  the 
appendices  to  this  report.   The  procedures  and  findings  presented 
in  the  body  of  this  report  are  included  in  condensed  form  in  the 
1979  Draft  EIR  Supplement /Draft  EIS  for  Copley  Place. 


*Copley  Place  Transportation  Impacts  Study,  PBQD/NAA,  October  19  79. 


1. 1   Common  Measures  of  Community  Noise 

When  assessing  the  impact  of  noise  on  people,  back- 
ground levels,  noise  peaks,  and  the  fluctuation  of  the  noise 
levels  are  generally  considered.   Non-steady  noise  exposures 
in  the  community  are  commonly  expressed  in  terms  of  an 
A-weighted  sound  level  (dBA)  that  is  exceeded  for  a  percentage 
of  the  measured  time  period.   The  term  "L."  is  used  to  describe 
the  sound  level  value  that  is  exceeded  for  x  percent  of  the  time 
period  under  consideration.   Following  are  some  of  the  commonly 
used  "percentile  levels": 

L-,Q  =  The  noise  level  (dBA)  that  is  exceeded  10%  of  the 
time.   L,  ~  of  70  dBA  due  to  peak-hour  traffic 
noise  is  the  maximum  design  level  criteria  for 
residentially  zoned  areas  (including  hospitals) 
used  in  the  Federal  Highway  Administration  noise 
standards . 

Lcq  =  The  median  noise  level  value.   Half  of  the  observed 
measurements  exceed  L,-0  during  a  given  sampling 
period. 

Lqq  =  The  noise  level  that  is  exceeded  90%  of  the  time. 
Lq«  is  used  as  a  measure  of  background  noise. 

Another  method  of  quantifying  the  noise  environment  is  to 
determine  the  value  of  steady-state  sound  which  has  the  same 
A-weighted  sound  energy  as  that  contained  in  the  time-varying 
sound.   This  is  termed  the  Equivalent  Sound  Level  (L  ) .   It  is 
graphically  depicted  in  Figure  1.1.   The  L   is  a  single  value  of 
sound  level  for  any  desired  duration,  which  includes  all  of  the 
time-varying  sound  energy  in  the  measurement  period.   The  major 

virtue  of  the  L  „  is  that  it  correlates  reasonably  well  with  the 

eq  J 

effect  of  noise  on  people,  even  for  wide  variations  in  environ- 
mental sound  levels  and  time  patterns.   It  is  used  when  only 
the  durations  and  levels  of  sound,  and  not  their  times  of 
occurrence  (day  or  night),  are  relevant. 
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The  day/night  equivalent  noise  level  (Lj)  is  another  measure 

for  describing  environmental  noise  exposure.   This  is  the  L 

for  a  24-hour  period,  with  an  additional  10  dBA  weighting  added 

to  the  nighttime  noise  levels  (10:00  PM  -  7:00  AM).   L^  and 

L   are  the  noise  values  used  by  HUD  and  EPA  in  their  accept- 
eq 

ability  criteria. 


1. 2   General  Characteristics  of  Community  Noise 

The  noise  environment  of  a  typical  urban  community 
contains  a  nearly  steady  "background"  noise  resulting  from 
industrial  noise,  commercial  activity,  heating  and  air  con- 
ditioning equipment,  other  continuously  operating  machinery, 
and  the  multitude  of  motor  vehicles  throughout  the  citv. 
Superimposed  on  the  background  is  the  noise  from  nearby  cars, 
trucks,  trains,  planes,  and  noise  from  the  general  activity 
of  people.    Table  1.1  identifies  noise  levels  associated  with 
some  common  activities  and  sources  of  noise. 

Sound  ranges  associated  with  common  activities  are  presented 
in  Figure  1.2. 

Additional  information  about  measures  of  sound  and  typical 
levels  is  presented  in  Appendix  A. 


TABLE  1 . 1 

COMMON  NOISE  LEVELS 

Sound  Level 
(dBA) 

Associated  Activity 

130 

Threshold  of  Pain 

120 

Chipping  on  Metal 

110 

Rock  Band 

100 

Jack  Hammer 

Jet  Take-off  (1/2  mile) 

90 

Threshold  of  Hearing  Damage 

80 

Shop  in  Shipyards 

Busy  Freeway 

70 

Downtown  Traffic 

.  Electric  Typewriter 

60 

Normal  Conversation 

Urban  Residential  Area  (Nearby  Traffic) 

50 

Drafting  Office 

An 

Suburban  Neighborhood (Distant  Traffic) 

Private  Office 

30 

20 

Quiet  Rural  Area  (No  Traffic) 

10 

0 

Threshold  of  Audibility 

Adapted  from  Acoustical  Seminar,  Robin  M.  Towne  &  Associates , 1971 . 

(These  values  are  approximate ,  and  do  not  reflect  specific  situations 
described  in  this  report.) 
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2.   MEASURED  NOISE  LEVELS 

2 . 1   Noise  Receptors  and  Sources 

The  noise  study  undertaken  for  the  Copley  Place  project 
was  designed  to  measure  noise  levels  at  representative  loca- 
tions surrounding  the  site.   An  attempt  was  made  to  characterize 
the  various  types  of  noise  sources  and  receptors  near  the  site. 
Noise  monitoring  sites  were  chosen  at  locations  surrounding  the 
site.   Each  site  reflects  proximity  to  selected  noise  sensitive 
receptors.   Noise  sensitive  receptors  identified  in  the  Copley 
Place  vicinity  include  residences,  hotels,  churches,  public 
open  areas,  and  the  Boston  Public  Library. 

During  the  measurement  programs,  four  primary  sources  of 
local  noise  were  apparent: 

1)  Local  Traffic.   Noise  levels  generated  by  trucks,  cars, 
and  buses  on  the  local  street  system  are  clearly 
evident  in  the  area.   The  Turnpike  is  the  largest 
local  carrier  of  motor  vehicles.   Its  impact  on 
ambient  noise  levels  in  the  area,  however,  is  reduced 
by  the  fact  that  it  is  in  a  depressed  section  through- 
out the  study  area,  and  covered  by  both  the  Prudential 
Center  and  the  Hancock  garage  immediately  adjacent  to 
the  site.   Huntington  Avenue,  Dartmouth  Street, 
Boylston  Street,  Stuart  Street,  and  Columbus  Avenue 
are  all  urban  arterial  streets  which  carry  reasonably 
large  traffic  volumes . 

2)  Existing  Public  Transportation  Facilities.   The  site 
abuts  the  AMTRAK  line  on  one  side  and  is  crossed 

by  the  B  &  A  rail  line.   Rail  activity  contributes 
significantly  to  local  noise  levels  at  certain  times  of 
the  day. 


3)  HVAC  Noise.   Many  of  the  buildings  in  the  area  have 
substantial  HVAC  plants.   These  systems  contribute 
mechanical  and  air -vent  noise  to  the  background  noise 
levels . 

4)  Background  Noise.   Nearby  businesses  including  a 
printing  shop,  retail  stores,  restaurants,  and  garages 
contribute  background  noise  levels.   In  addition, 

overflights  by  aircraft  contribute  to  local  noise 
levels. 

The  six  noise  monitoring  locations  are  shown  on  Figure  2.1. 

Table  2.1   summarizes  the  receptors  and  local  noise  sources  which 

contribute  to  the  levels  recorded  at  each  monitoring  location. 

2  .  2  Measured  Noise  Levels 

Two  noise  measurement  studies  have  been  undertaken  in  the 
Copley  Place  project  area.   In  1978,  a  series  of  48  "spot-checks" 
was  made  by  ERT  for  use  in  the  Copley  Place  Draft  EIR.   In 
response  to  community  concern  and  Federal  HUD  requirements,  a 
second,  24-hour  noise  measurement  was  conducted  by  HMM  in 
August,  1979,  for  the  Draft  EIR  Supplement/Draft  EIS  for  Copley 
Place. 

1978  Spot-Check  Study 

During  the  period  from  August  16  through  August  24,  1978, 
a  series  of  48  short-term  noise  measurements  were  taken  at 
the  six  locations  shown  on  Figure  2.1.   Measurement  times  were 
selected  to  reflect  the  quietest  hours  (early  weekend  mornings) 
and  typical  business  hours.   Table  2.2  presents  all  of  the 
A-weighted  noise  level  data  for  each  monitoring  station. 
Table  2.3  shows  the  maximum  and  minimum  measured  and  estimated 
L   levels  at  each  of  the  six  measurement  sites.   In  most 
cases,  spot-check  noise  measurements  were  not  taken  during 
the  hours  of  peak  noise  level  (7:00  -  8:00  AM  and  5:00-6:00  PM) 
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TABLE  2.2 

SUMMARY  OF  "A" 

-WEIGHTED 

MEASUREMENT 

DATA, 

1978 

"A"-Ki 

■i  jjhtcd 

Noi  sc 

Level  Stat 

i  s  t  i  c «; 

[.cm  ;it  i  on      Date  - 

Ti  me 

bi 

90 

So 

hi 

I 

1          8/16/78 

1414 

58 

60 

61 

65 

63 

6/17/78 

0338 

53 

54 

SS 

58 

56 

8/19/78 

04  51 

53 

5  3 

SS 

57 

56 

07  15 

53 

53 

54 

57 

S() 

8/20/78 

0430 

50 

51 

52 

55 

54 

0717 

52 

53 

56 

60 

58 

8/23/7S 

2  ?  31 

55 

56 

57 

59 

I  9 

8/24/78 

(19  55 

61 

62 

64 

67 

(  6 

2          8/16/78 

1613 

63 

63 

66 

70 

69 

8/17/78 

0515 

56 

57 

58 

62 

62 

8/19/78 

0639 

53 

54 

56 

60 

59 

0853 

55 

57 

60 

64 

63 

R/20/78 

0629 

54 

55 

56 

62 

63 

0907 

54 

55 

59 

65 

64 

8/24/78 

0C17 

55 

S7 

59 

63 

61 

11  44 

60 

62 

64 

69 

67 

3          8/ 16/ 78 

154  2 

57 

58 

61 

67 

65 

8/17/7S 

05  01 

52 

53 

54 

59 

57 

8/19/78 

061  2 

5  0 

51 

5  3 

58 

57 

0838 

54 

55 

58 

62 

61 

8/20/78 

0601 

51 

51 

52 

56 

54 

0S4  1 

52 

S3 

57 

61 

60        | 

8/23/78 

23  53 

S3 

54 

57 

62 

60 

8/24/78 

1119 

56 

58 

61 

66 

66 

S/16/78 

15  26 

53 

54 

SS 

63 

61 

1                8/17/78 

04  36 

51 

52 

S3 

55 

55 

j                8/19/78 

0  5..9 

50 

50 

51 

54 

S3 

1 
j 

OK!  4 

5  3 

S3 

55 

58 

57 

8/20/78 

0  54  5 

49 

SO 

51 

52 

52 

! 

| 

OS25 

50 

51 

52 

54 

53 

8/23/78 

2  3  33 

SI 

53 

54 

56 

55 

8/24/78 

1  105 

55 

56 

S8 

62 

61 

5          8/16/78 

1500 

60 

60 

61 

62 

62 

8/17/78 

04  21 

S8 

59 

59 

S9 

60 

8/19/78 

0533 

57 

S8 

58 

59 

59 

0758 

54 

55 

60 

63 

61 

8/20/78 

0515 

50 

50 

51 

5  2 

52 

0759 

50 

51 

S3 

5S 

56 

R/23/78 

2  313 

53 

54 

59 

62 

60       j 

8/24/78 

1040 

58 

59 

60 

62 

62 

6          8/16/78 

1441 

56 

57 

S9 

61 

60 

8/17/78 

0354 

52 

S3 

54 

56 

55 

8/19/78 

0515 

50 

SI 

S3 

6 

55 

0730 

52 

S3 

54 

6 

56 

8/20/78 

0456 

50 

SI 

52 

54 

54 

074  3 

52 

S3 

56 

(.7 

60 

8/23/78 

2  256 

54 

54 

56 

'  8 

57 

8/24/78 

1021 

60 

60 

62 

'.4 

63 

Source:    ERT    Field   Monitoring 


Program 


8/16,17,19.?!    .iml    2W1978/ 
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TABLE  2.3 


EXISTING  NOISE  LEVELS 


j     Location 

Maximum 
Observed 

LF* 

Estimated 
Maximum 

Leq 

Minimum 
Observed 

LP0 

Esi 
Mi 

•i  MATED 

nimum 

Site  #1 

Gloucester 
Apartments 

66 

69 

54 

54 

Site  #2 

Copley  Square 

66 

67 

59 

57 

Site  #3 

Dartmouth  Street 

66 

72 

54 

53 

Site  M 

Tent  City 

61 

70 

52 

52 

Sit:  #5" 

Harcourt 

69 

69 

52 

52 

Site  #6 

Mini-Pru 

63 

66 

54 

» 

*The  observed  maximum  and  minimum  L   at  Site  #5  reflects  noise 

eq 

levels  measured  in  the  24-hour  study  made  at  that  location. 
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determined  in  the  24-hour  study  (see  next  section)   In  order  to 
estimate  the  peak  noise  levels  at  each  receptor,  an  assessment 
was  made  of  the  traffic  and  rail  noise  inputs  at  each  one.   In 
addition,  the  noise  measurement  times  were  compared  to  the  diurnal 
variation  measured  at  Harcourt  Street.   For  those  receptors  lo- 
cated adjacent  to  loud  commuter  noise  sources,  such  as  the  Mass 
Pike  and  rail  lines  ,  a  strong  rush-hour  noise  peak  was  assumed. 
For  sites  further  from  these  noise  sources,  a  less  pronounced 
peak  was  assumed.   Minimum  measured  noise  levels  were  recorded 
at  times  that  corresponded  fairly  will  with  the  diurnal  low- 
point.   Only  two  of  the  estimates  are  lower  than  the  recorded 

minimum  L  „ . 
eq 

The  maximum  estimated  L   levels  range  from  72  dBA,  at 
location  #3,  to  66  dBA,  at  location  #6.   L   levels  are  higher 
at  the  locations  closer  to  the  railroad  tracks  and  the  turn- 
pike ramps  where  heavy  commuter  traffic  has  the  most  signifi- 
cant input  to  noise  levels. 

The  minimum  L   ranges  from  52  dBA  to  57  dBA;  approximately 
15  dBA  below  the  maximum  noise  levels. 

1979  24-hour  Study 

A  24-hour,  round-the-clock,  noise  monitoring  program  was 
conducted  at  monitoring  location  #5  on  Harcourt  Street  in 
August  of  1979.   This  study  was  conducted  in  response  to  expressed 
community  concern  as  well  as  Federal  HUD  requirements.   Through 
this  study,  diurnal  variation  in  noise  levels  was  documented. 
As  explained,  this  information  was  used  in  estimating  peak 
noise  levels  at  the  other  five  monitoring  sites.   L   ^a  and 
L,  were  calculated  using  these  results  as  well. 

Harcourt  Street  was  chosen  as  the  site  for  this  study  for 
several  reasons.   For  one,  it  is  nearest  to  the  location  of 
the  planned  residential  component  of  the  Copley  Place  project, 
and  therefore,  the  best  place  to  determine  the  noise  levels 
governed  by  HUD  new  housing  regulations.   In  addition,  it  is 
near  two  major  noise  sources;  turnpike  ramps  and  rail  line. 
Further,  the  location  is  in  an  existing  residential  zone  and  can 
be  compared  to  other  typical  residential  noise  levels. 
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The  24-hour  study  was  carried  out  using  a  GenRad  1945 
Community  Noise  Analyzer,  a  1/2  inch  microphone  with  a  wind- 
screen and  pre-amp.   The  equipment  was  calibrated  at  the  beginning 
of  each  run,  with  a  GenRad  1987  minical  sound  level  calibrator. 

The  GenRad  1945  Noise  Meter  records  16  noise  level  parameters 
described  in  Appendix  B.   Measurements  were  taken  for  hour-long 
intervals  during  the  day,  and  longer  ones  at  night  (22:00  to 
24:00  and  24:00  to  6:00).   For  a  more  detailed  description  of 
the  procedure  used,  see  Appendix  B. 

The  results  of  this  monitoring  program  are  presented  in 
Table  2.4.   From  these  measurements,  a  graph  showing  the 
diurnal  variation  in  noise  level  was  constructed.   Figure  2.2 
shows  the  profile  of  L   and  Lqq  levels  at  Harcourt  Street. 
The  measured  noise  levels  rose  sharply  during  commuter  rush-hour 
traffic  periods;  peaking  during  the  7:00  to  8:00  AM  and 
5:00  -  6:00  PM  hours.   A  lull  in  noise  levels  is  apparent  during 
the  afternoon.   The  lowest  noise  levels  occur  during  the 
nighttime  hours. 

The  measured  noise  levels  at  this  location  reflect  heavy 
traffic  on  the  turnpike  ramps,  nearby  rail  noise,  airplanes 
passing  overhead,  traffic  in  the  surrounding  street  network, 
and  occasional  cars  and  trucks  on  Harcourt  Street. 

The  average  L   for  the  entire  24  hours  (L  «i) »  as 
measured  at  site  #5  on  Harcourt  Street,  was  calcualted  to  be 
62.9  dBA.   The  corresponding  L,   is  equal  to  66.7  dBA.   These 
calculations  are  presented  in  Table  2.5. 
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TABLE   2.4 


24-HOUR  NOISE 

MEASUREMENTS 

Hour  (Beginning) 

L 
-eq 

-90 

8:00 

63 

59    ; 

9:00 

64   ! 

58 

10:00 

62 

56 

11:00 

63 

53 

12  :  00 

61 

54 

13:00 

62 

54 

14:00 

60 

54 

15:00 

60 

55 

16:00 

68 

60 

17:00 

69 

60 

18:00 

67 

58 

19:00 

64 

56 

20:00 

61 

53 

21:00 

64 

52 

22:00-24:00 

6  It 

55) 

24:00-  6:00 

61>n 

51Vn 

6:00 

65J 

60J 

7:00 

69 

1   62 

Leq  24  =   62'9  dBA 

Ldn  =  66"65  dBA 

15 


75 


70 


T3 


60 


LU 


50 
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FIGURE   2.2 


DIURNAL  VARIATION  IN  NOISE  LEVELS  AT  HARCOURT  STREET 
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TABLE  2.5 


L  24  AND  Ldn  CALCULATI0NS 


Leq   day        7:00-22:00 


(63-t-64-h62+63+61-f-62+60+60-t-68-K69+67-H64+61+64-l-69) 


957 
T5~ 


63.8   dBA 


Leq   night    22:00-7:00 


2(61)+6(61)+65     =      553 
9  9 


61.4   dBA 


Jeq   24 


eq   dn 


15(63.8  +   9(61.4) 
24" 


=    [62.9   dBA) 


15(63.8)    +  9(61.4  4-   10) 

— wr L 


66.65   dBA 


3 
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2. 3   Significance  of  Measured  Noise  Levels 

These  measured  noise  levels  are  significant  both  in  terms 
of  their  relation  to  other  typical  noise  levels  and  government 
noise  criteria: 

Typical  Noise  Levels 

Table  2.6  lists  some  background  noise  levels  which  the 
EPA  considers  typical  of  various  neighborhoods.   The  average 
daytime  Lgo  for  the  Copley  Place  site  (from  the  24-hour  study) 
is  56.3  dBA.   This  means  that  the  site  for  the  new  housing  com- 
ponent of  the  project  lies  in  a  "very  noisy  urban  residential" 
area.   As  shown  in  Figure  2.3,  based  on  L^,  EPA  states  that  the 
site  is  typical  of  "urban  row  housing  on  a  raj  or  avenue."* 

Figure  2.4  shows  noise  monitoring  locations  used  in  a  study 
by  the  Boston  Air  Pollution  Control  Commission  in  1975.   Table 
2.7,  shows  noise  levels  measured  at  these  locations.   The 
average  of  all  locations  is  compared  to  noise  levels  recorded 
during  the  24-hour  monitoring  program  at  Harcourt  Street.   The 
peak  LqQ  value  at  Harcourt  Street  is  the  same  as  the  average  for 
the  six  sites  in  the  Back  Bay  study.   The  average  peak  L   in 
the  Back  Bay  study  is  73  dBA,  4  dBA  higher  than  the  69  dBA 
measured  at  Harcourt  Street.   The  difference  in  these  values 
may  be  attributed  largely  to  the  very  high  peak  L   levels  at 
sites  BB-4,  Dartmouth  Street,  where  it  passes  over  the  Mass. 
Pike,  and  BB-6,  Boylston  Street.  Average  Leq24  and  Ldn  values 
for  Back  Bay  are  higher  than  those  measured  on  Harcourt  Street. 
Furthermore,  not  a  single  measurement  at  any  one  of  the  Back 
Bay  locations  is  as  low  as  those  measured  on  Harcourt  Street. 
This  difference  is  principally  due  to  the  larger  volume  of 
traffic,  pedestrians,  and  commercial  activity  in  immediate 
proximity  to  the  noise  monitoring  locations  selected  by  the 
Boston  Air  Pollution  Control  Commission.   The  commission  sites 
are  closer  to  such  noise  sources  than  the  Harcourt  Street  moni- 
tor, which  is  somewhat  removed  from  the  major  traffic  routes. 


*EPA,  Protective  Noise  Levels  -  Condensed  Version  of  EPA  Levels 
Document,  November  1978,  EPA  550/9-79-100,  Pg.  8. 
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TABLE  2.6 

QUALITATIVE  DESCRIPTORS  OF  URBAN  AND  SUBURBAN 
DETACHED  HOUSING  RESIDENTIAL  AREAS  AND  APPROXIMATE 
DAYTIME  RESIDUAL  NOISE  LEVEL  (Lqq) 


Daytime   Residual    Noise    Level    in  dRA 

rescript i en 

Typical    Range 

Average 

Quiet    Suburban   Residential 

36  to  40   inclusive 

38 

Norr.nl    Suburban   Residential 

41    to  45   inclusive 

43 

Urban   Residential 

46  to  50  inclusive 

48 

N^>i:.y  Urban   Residential 

51    to   55   inclusive 

53 

Very  Noisy  Urban   Residential 

56  to  60   inclusive 

58 

Source:      Community   Noise 
Environmental    P 

,    December   31.    1971 
rotection  Agency    (pa 

United   States 
ge   28,    Table   5)  . 
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I_dn  in  dB 


Outdoor  Location 


-90- 


-80- 


-70- 


-60- 


.50^ 


•40^ 


Apartment  Next  to  Freeway 

3/4  Mile  From  Touchdown  at  Major  Airport 

Downtown  With  Some  Construction  Activity 
Urban  High  Density  Apartment 

Urban  Row  Housing  on  Major  Avenue 


Old  Urban  Residential  Area 


Wooded  Residential 


Agricultural  Crop  Land 


Rural  Residential 


Wilderness  Ambient 


-30  — 


FIGURE  2.3  -  EXAMPLES  OF  OUTDOOR  DAY-NIGHT  AVERAGE  SOUND  LEVELS 
IN  dB  MEASURED  AT  VARIOUS  LOCATIONS 
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TABLE  2 . 7 


EXISTING  NOISE  LEVELS 

CdBA)  IN  THE 

BACK  BAY, 

BOSTON 

Site  No. 

Location 

Peak  L 

eq 

Peak  L90 

eq24 

dn 

BB-1 

413  Beacon  St. 

67.8 

57 

65.5 

70.7 

BB-2 

799  Boylston  St. 

71.5 

63 

68.8 

73.8 

BB-3 

203  Commonwealth 

Ave 

.73.0 

58 

67.8 

72.1 

BB-4 

Dartmouth  St.  at 
Bridge  over  Mass. 
Pike 

79.9 

69 

73.9 

75.5 

BB-5 

117  Newbury  St. 

66.1 

60 

63.8 

68.4 

BB-6 

360  Boylston  St. 

78.1 

65 

75.2 

84.0 

Average 

72.7 

62 

69.2 

74.1 

Harcourt 

Street  for  Comparison 

69 

62 

62.9 

66.7 

Source:   City  of  Boston  Noise  Survey,  1975. 
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Government  Noise  Criteria 

The  EPA  has  published  guidelines  to  protect  public  welfare 
and  hearing.   These  guidelines,  presented  in  Table  2.8,  state 
that  an  acceptable  level  of  noise,  which  will  cause  less  than 
5  dBA  of  hearing  loss  over  40  years,  is  70  dBA  (L  2a)  ■      Since 
the  L  24  at  the  Copley  site  is  62.9  dBA,  it  is  well  below 
the  level  which  could  cause  hearing  loss  due  to  noise. 

The  Department  of  Housing  and  Urban  Development  (HUD) 
has  its  own  set  of  criteria  to  evaluate  new  housing  which  the 
agency  funds.   As  of  August  1979,  HUD  uses  L,   as  a  measure  of 
noise  level  acceptability.   The  criteria  are  as  follows: 

^dn 
Not  exceeding  65  dBA        Acceptable 

Between  65  dBA  and  75  dBA   Normally  Unacceptable 
Above  75  dBA  Unacceptable 

The  current  L,   for  Copley  Place  (66.7  dBA)  is  in  the  lower 
portion  of  HUD's  "Normally  Unacceptable"  range. 

HUD  approvals  in  this  zone  would  require  a  minimum  of 
5  decibels  additional  sound  attenuation  for  buildings  having 
noise  sensitive  uses.  The  complete  HUD  regulations  are  presented 
in  Appendix  C. 
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TABLE  2.8 


NOISE  EXPOSURE  LEVELS  SAFE  FOR  HUMAN  HEARING* 


t 

Steady 

(Continuous) 

Noise 

Intermittent 
Noise 

With 

Margin  of 

Safety 

Leq,  8  hour 

250  day /year 
365  day /year 

73 

71.4 

78 
76.4 

76 

Uq,  24  hour 

250  day/year 
365  day/year 

68 
66.4 

73 
71.4 

70 

*(At-Ear)  exposure  levels  that  produce  no  more  than  5  dB 

noise-induced  hearing  damage  over  a  40-year  period  (L   ) 

eq 

Source:   EPA  Levels  document,  condensed  version. 
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3.   EXISTING  CASE  NOISE  MODEL 

There  were  three  major  inputs  into  the  noise  model  con- 
structed for  Copley  Place;   traffic,  rail,  and  background  noise. 
Separate  models  were  constructed  for  traffic  and  rail  components. 
The  background  noise  was  then  determined  and  the  three  components 
added  together. 

All  noise  levels  discussed  in  the  noise  model  are  measures 

of  L   . 
eq 

3. 1   Description  of  Receptors  Modeled 

Two  receptors  were  modeled  for  existing  noise. 

Model  #1 

Noise  monitoring  site  #5  on  Harcourt  Street  was  chosen  as 
the  receptor  for  the  first  model.   Reasons  for  choosing  this 
site  include: 

•  It  was  the  location  of  the  24-hour  study  and  could 
therefore  yield  an  accurate  background  noise  determina- 
tion. 

•  It  is  the  location  where  the  new  housing  is  planned. 

•  It  is  a  site  where  a  large  change  in  noise  level  is 
anticipated.   This  is  due  to  large  noise  contributions 
from  noise  sources  which  will  be  decked  in  the  future. 

•  This  site  is  representative  of  monitoring  sites  3, 
Dartmouth  Street,  and  4,  Tent  City  since  these  sites 
are  also  adjacent  to  rail  and  Massachusetts  Turnpike 
noise  sources. 
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Model  2 

The  second  receptor  location  modeled  was  monitoring 
site  #1,  the  corner  of  the  Gloucester  apartment  building.   This 
site  was  chosen  for  two  main  reasons: 

•  It  is  the  location  of  an  existing  sensitive  receptor; 
a  residential  apartment  building. 

•  Noise  levels  at  this  location  are  not  expected  to 
change  a  great  deal.   This  is  because  it  is  more 
distant  from  noise  sources  to  be  decked  over,  and 
amidst  streets  with  a  high  level  of  local  circulation 
and  commercial  activity.   Future  noise  impacts  at 
this  site  are  considered  to  be  representative  of 
sites  #2  at  Copley  Square  and  #6  at  the  mini-Pru. 
These  monitoring  locations  are  also  somewhat  removed 
from  the  major  sources  of  noise  to  be  decked  and 
amidst  local  arterials  and  commercial  activity. 

3. 2   Description  of  the  Noise  Modeling  Procedure 

As  mentioned,  noise  levels  near  the  Copley  Place  site  were 
modeled  in  three  components,  i.e.,  traffic,  rail,  and  background 
noise.   The  traffic  noise  inputs  were  determined  by  link  using 
procedures  outlined  in  the  FHWA  Highway  Traffic  Noise  Prediction 
Model*.   Rail  noise  was  then  added  to  this.   Background  noise 
was  determined  by  subtracting  the  sum  of  rail  and  traffic  noise 
from  the  peak  measured  noise  levels. 


*This  model  is  contained  in  the  U.S.  Department  of  Transportation- 
Federal  Highway  Administration  report  number  FHWA-RD-77-108 
dated  December  1978.   A  copy  of  the  model  and  worksheets  are 
included  in  Appendix  D. 
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Traffic  Noise  Model 

In  order  to  determine  the  contribution  of  traffic  to 
existing  local  noise  levels,  a  diagram  of  the  traffic  links 
was  drawn.   Traffic  volumes  and  speeds  were  included.   Informa- 
tion gathered  from  this  diagram  was  input  into  the  FHWA  model 
to  calculate  the  total  traffic  noise  contribution.   This 
process  was  done  using  the  step-by-step  procedure  which  follows. 

1)  Selection  of  Receptor  Locations.   Locations  at  which 
to  determine  noise  levels  were  chosen.   This  choice 
reflected  the  goals  of  the  study,  sensitive  receptor 
locations,  availability  of  noise  data  at  a  location 
and  other  factors.   The  factors  used  in  choosing 
the  receptors  for  the  Copley  Place  noise  models  are 
explained  in  Section  2.1  of  this  report. 

2)  Determination  of  Significant  Links.   The  geography 
of  the  road  network  surrounding  the  receptor  was 
studied.   Roadway  sections  which  appeared  to  have  a 
significant  noise  input  to  noise  levels  at  the  receptor 
locations  were  included  in  the  model.   Geographical 
representations  of  the  receptor  and  links  used  in 

the  traffic  models  constructed  for  Copley  Place 
are  included  in  Figures  3.1  and  3.2. 

3)  Measurement  of  the  Distance  Between  Each  Receptor  and 
Link.   This  is  the  perpendicular  distance,  in  meters, 
between  the  centerline  of  the  travel  lane  of  each 
link  and  the  receptor.   When  necessary,  the  centerline 
was  extended  to  allow  measurement  of  the  perpendicular 
distance.   In  cases  where  the  link  extended  away 

from  the  receptor,  it  was  treated  as  a  point  source. 
The  formula  used  for  this  calculation  is  included  in 
Appendix  D  with  the  worksheets.  These  distances  are 
presented  in  Table  3.1. 


27 


FIGURE  3.1  -  EXISTING  NOISE  MODEL  #1 
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FIGURE  3.2  -  EXISTING  NOISE  MODEL  #2 
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TABLE  3.1 


DISTANCES  BETWEEN  RECEPTORS  AND  LINKS 

(meters) 

Link 

Distance  to 
Receptor 
Model  #1 

Distance  to 
Receptor 
Model  #2 

1 

Ramp  D 

59 

135 

2 

Ramp  B 

75 

75 

3 

Ramp  B/D 

90 

169 

4 

Ramp  C 

172 

216* 

5 

Ramp  B/C/D 

145 

67 

6 

Turnpike  EB 

160 

160- 

7 

Turnpike  WB 

183 

159* 

8 

Huntington  EB 

122 

66 

9 

Huntington  EB ' 

129 

72 

10 

Stuart 

223 

167* 

11 

Huntington  WB 

134 

55 

12 

Dartmouth  NB 

229 

216 

13 

Dartmouth  S  B 

229 

216 

14 

Dartmouth  NB' 

241 

226 

15 

Dartmouth  NB" 

241 

226 

16 

Exeter 

- 

30 

17 

Ring  Rd. 

64 

^Treated  as  a  point  source. 
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4)  Determination  of  Surface  Character  between  Receptor 
and  Link.   The  model  allows  for  the  increased  attenua- 
tion associated  with  "soft  surfaces"  such  as  grass. 
Inspection  of  the  study  area  provided 

this  information.   A  soft  surface  was  assumed  for 
the  Copley  Place  site. 

5)  Measurement  of  Angles  to  Ends  of  Each  Link  (Finite 
Roadway  Adjustment) .   A  perpendicular  line  was  drawn 
from  the  receptor  to  the  roadway,  or  roadway  extension. 
Lines  were  then  drawn  from  the  receptor  to  each  end 

of  the  link.   Angles  were  measured  from  the  perpen- 
dicular to  the  lines  connecting  the  receptor  to  the 
ends  of  the  link.   Figure  3.3  shows  how  this  was 
done  in  order  to  attain  the  correct  values  required 
for  FHWA  model  calculations. 

6)  Account  for  Barriers.   The  diagram  was  examined  for 
barriers  between  the  receptor  and  any  link.   Only 
one  existing  barrier  was  significant.   This  is 
described  in  Appendix  D. 

7)  Determination  of  Traffic  Volumes  on  Each  Link.   Peak 
hour  traffic  volumes  were  provided  by  PBQD/NAA  in 
the  revised  Copley  Place  Traffic  report.   They  are 
presented  in  Table  3.2. 

8)  Determination  of  the  Modal  Split.   The  modal  split 
between  heavy  trucks,  light  trucks,  and  automobiles 
was  also  provided  by  the  traffic  consultants.   It 

was  assumed  that  85%  of  the  vehicles  were  automobiles, 
12%  medium  trucks,  and  the  remaining  37o  heavy  trucks. 
This  split  was  applied  to  the  peak-hour  traffic 
volumes  to  yield  the  number  of  vehicles  per  hour  in 
each  class. 
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ROADWAY  SEGMENT 


OBSERVER 
(1)  CASE  A 


A  ROADWAY  SEGMENT         B 


OBSERVER 


(2)  CASE  B 


A  ROADWAY  SEGMENT 


OBSERVER 
(3)  CASE  C 


FIGURE  3.3  -  ANGLE  IDENTIFICATION  OF  ROADWAY  SEGMENTS 
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TABLE  3.2 


EXISTING  TRAFFIC  VOLUMES  AND  SPEEDS 


ink 

ADT 

%  During  Peak 

PHV 

km/ 

1 

Ramp  D 

4,500 

10% 

450 

65 

2 

Ramp  B 

3,360 

10% 

336 

48 

3 

Ramp  B/D 

7,860 

10% 

786 

48 

4 

Ramp  C 

2,350 

10% 

235 

40 

5 

Ramp  B/C/D 

10,200 

10% 

1 

,020 

48 

6 
7 

Turnpike  EB 
Turnpike  WB   j 

80,000 

9% 

3 
3 

,600 
,600 

89 
89 

8 

Huntington  EB 

26,700* 

9% 

1 

,202 

8 

9 

Huntington  EB1 

8,800 

9% 

396 

37 

10 

Stuart 

9,500 

9% 

1 

,665 

27 

11 

Huntington  WB 

1 

,202 

8 

12 

Dartmouth  NB 

17,000 

9% 

765 

26 

13 
14 

Dartmouth  SB 
Dartmouth  NB*  J 

>  12,200 

9% 

549 
549 

31 
31 

15 

Dartmouth  NB" 

765 

26 

16 

Exeter 

8,000 

9% 

720 

24 

17 

Ring  Road 

360 

24 

Note:   A  theoretical  peak  hour  volume  was  calculated  for  the 
purposes  of  noise  model  calculations.   It  is  based  on 
the  peak  hour  percentage  of  ADT.   Directional  split, 
where  applicable,  is  assumed  to  be  50:50. 

*   26,700  is  the  2-way  ADT  for  Huntington  Avenue  (links  #8 

and  11). 
**   17,000  is  the  2- lane  ADT  for  upper  Dartmouth  Street  (links 

#12  and  15). 

Source:   Copley  Place  Transportation  Impacts  Study  PBAD/NAA, 
November,  1979. 
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9)    Determination  of  Speed  of  Vehicles.   This  information 
was  provided  by  the  traffic  consultants  and  was  also 
presented  in  Table  3.2.   The  model  does  not  account 
for  speeds  less  than  50  km/hr.   When  slower  speeds 
were  encountered,  50  km/hr  was  used. 

Once  the  data  were  collected  in  Steps  1  through  9,  they 
were  used  to  calculate  the  noise  level  contribution  at  each 
receptor  from  each  link.   The  noise  prediction  worksheet 
provided  in  the  FHWA  manual  facilitates  this  process  (see 
Appendix  D) .   Tables  3.3  and  3.4  show  the  link  by  link  noise 
input  .for  each  model.   The  contributions  from  each  link  were 
added  to  arrive  at  the  total  traffic  noise  component  at  the 
receptor. 

The  total  existing  traffic  noise  at  the  Harcourt  Street 
receptor  (Model  #1)  is  equal  to  62.9  dBA.   At  the  Gloucester 
Apartments,  traffic  noise  is  higher,  66.4  dBA.   This  is  due  to 
the  higher  volume  of  traffic  adjacent  to  the  Gloucester  site. 
Huntington  Avenue  and  the  Massachusetts  Turnpike  travel  lanes 
are  closer  to  the  Gloucester  site  than  to  Harcourt  Street. 
These  links  carry  large  traffic  volumes  and  account  for  large 
noise  inputs  into  Model  #2.   Four  links  in  Model  #2  contribute 
59  dBA  each.   Peak  traffic  contributions  to  Model  #1  also  come  frc 
Huntington  Avenue  and  Turnpike  links.   However,  the  resultant 
noise  levels  encountered  on  Harcourt  Street  are  lower  due  to 
the  greater  distance  from  the  noise  source.   Link  #6,  the 
Turnpike  eastbound,  is  the  peak  contributor  at  Harcourt  Street 
(57.7  dBA).   The  next  largest  contribution  comes  from  Link  #1, 
the  Turnpike  ramp  nearest  the  receptor.   This  link  accounts  for 
a  55.4  dBA  contribution. 

Rail  Noise 

The  rail  noise  was  broken  into  three  components  for  modeling! 
purposes.   The  first  component  was  the  noise  associated  with  the 
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TABLE  3.3 
TRAFFIC  NOISE  EMISSION,  MODEL  #1 


Link 

Leq(PH) 

1 

Ramp  D 

55.4 

2 

Ramp  B 

49.9 

3 

Ramp  B/D 

48.2 

4 

Ramp  C 

36.7 

5 

Ramp  B/C/D 

47.9 

6 

Turnpike  EB 

57.7 

7 

Turnpike  WB 

54.5 

8 

Huntington  EB 

53.4 

9 

Huntington  EB ' 

41.0 

10 

Stuart 

50.4 

11 

Huntington  WB 

50.6 

12 

Dartmouth  NB 

39.1 

13 

Dartmouth  SB 

38.5 

14 

Dartmouth  NB1 

39.9 

15 

Dartmouth  NB  " 

38.7 

TOTAL 

62.9  dBA 
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TABLE  3.4 


TRAFFIC  NOISE  EMISSION,  MODEL  #2 


Link 

Leq(PH) 

1 

Ramp  D 

46.5 

2 

Ramp  B 

43.4 

3 

Ramp  B/D 

43.7 

A 

Ramp  C 

39.1 

5 

Ramp  B/C/D 

52.5 

6 

Turnpike  EB 

59.0 

7 

Turnpike  WB 

59.1 

8 

Huntington  EB 

49.5 

9 

Huntington  EB ' 

51.2 

10 

Stuart 

56.5 

11 

Huntington  WB 

58.9 

12 

Dartmouth  NB 

39.4 

13 

Dartmouth  SB 

39.2 

14 

Dartmouth  NB  ' 

38.7 

15 

Dartmouth  NB  " 

39.1 

16 

Exeter 

59.6 

17 

Ring  Rd. 

49.7 

TOTAL 

66.4  dBA 
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train  movements  on  the  Southwest  Corridor  rails  (the  Shore 
Line) ;  the  second  component  was  rail  noise  associated  with  train 
movements  on  the  B&A  rail  lines  which  parallel  the  Massachusetts 
Turnpike;  the  third  component  was  the  noise  associated  with 
the  trains  idling  at  Back  Bay  Station.   The  components'  noise 
contributions  were  calculated  individually,  and  logarithmically 
added  to  obtain  composite  rail  noise  contributions. 

The  rail  noise  calculations  were  based  on  a  rail  noise  model 
compiled  by  Dr.  Leonard  Kurzweil,  of  the  Transportation  System 
Center  in  Cambridge,  Massachusetts". 

The  basic  model,  which  is  derived  from  field  operations 
is  as  follows: 

Leq(24  hour) 

Ldn  )  =     LAE (train)  +  10  Leq1Q  N  "  49 

CNEL 

where:     L.E  is  the  energy  sum  for  the  train  type,  and 
N  is  the  number  of  operations  of  the  train. 

Using  the  Kurzweil  model**  total  rail  noise  was  modeled  for 
two  receptor  locations.   In  rail  Model  #1,  the  rail  noise  levels 
at  measurement  site  #5,  on  Harcourt  Street  were  calculated.   In 
rail  Model  #2,  the  noise  levels  at  noise  measurement  site  #1 
at  the  base  of  the  Gloucester  Apartments  was  modeled.   These  are 
the  same  locations  for  which  traffic,  and  other  noise  have  been 
modeled.   The  locations  of  the  two  receptor  sites  and  the  three 
rail  noise  components  are  shown  in  Figure  3.4. 


^Prediction  of  Community  Noise  from  Rail  Systems.   Leonard  G. 
Kurzweil,  May  1978. 

**The  Kurzweil  model  provides  for  calculation  of  Leq  on  a  24-hour 
basis.   The  same  principles  were  used  to  calculate  peak-hour  Leq 
values.   The  peak-hour  values  are  a  better  measure  of  impact 
near  a  comruter  rail  line. 
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FIGURE  3.4  -  LOCATIONS  OF  RAIL  NOISE  COMPONENTS 
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The  LAE  values  used  in  Model  #1  are  assumed,  based  on 
observations  made  during  the  noise  measurement  program.   LAP 
values  used  in  the  rail  Model  #2,  for  a  receptor  at  the 
Gloucester  Apartments  measurement  site,  were  derived  using  the 
Model  #1  LAE  values  corrected  for  differences  in  distance.   The 
simple  distance  correction  factor  of  20  LOG  D  /D.  was  used.   In 
this  factor  D  is  the  reference  distance  (i.e.,  the  distance 
between  the  rail  line  source  and  the  receptor  in  Model  #1)  and 
D^  is  the  distance  from  the  rail  line  to  the  receptor  in 
Model  #2. 

In  each  model  case,  the  N  values  for  the  rail  lines  have 
been  taken  from  rail  schedules.   The  rail  schedules  were  taken 
from  the  Draft  EIR  for  Copley  Place.   The  N  values  do  not  apply 
directly  to  the  calculation  for  the  idling  components.   For 
the  idling  cases,  the  L   values  were  based  on  estimated 
idling  times.   Each  train  was  assumed  to  idle  one  minute,  and 
20%  of  the  train  trips  were  assumed  to  occur  during  the  peak 
hour. 

The  assumptions,  and  the  resulting  noise  levels  used  in 
the  two  noise  models  are  outlined  in  Table  3.5.   The  calculations 
of  these  numbers  are  included  in  Appendix  E.   Rail  noise 
Model  #1  is  probably  more  accurate  than  Model  #2  due  to  local 
topography.   The  receptor  at  the  base  of  the  Gloucester  Apartments 
is  shielded  from  much  of  the  rail  activity  by  the  Turnpike  ramp 
and  bridge  structures.   The  estimated  levels  of  Model  #2 
may  be  more  accurate  for  the  upper  floors  of  the  apartment  building 
which  have  more  direct  line  of  site  to  the  B&A  tracks  and  Back 
Bay  Station. 

The  numbers  presented  in  Table  3.5  indicate  maximum  rail 
noise  levels  of  67.0  dBA  at  the  Harcourt  Street  receptor  and 
58.8  dBA  at  the  Gloucester  Apartments.   The  much  higher  value  at 
Harcourt  Street  is  directly  attributable  to  the  close  proximity 
to  the  Southwest  Corridor  rail  tracks  (and  the  Shore  Line  rail 
traffic) .   The  peak  rail  noise  levels  at  the  Gloucester  Apartments 
is  a  reflection  of  idling  activity  at  Back  Bay  Station.   The  con- 
tribution of  the  rail  lines  themselves  is  relatively  insignificant. 
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TABLE  3.5 


RAIL  NOISE  LEVELS  AND  ASSUMPTIONS  (dBA) 


Model  #1 

Model  #2 

B&A  LAE 

75 

* 

Shore  LAE 

84 

Idling  LA£ 

64 

B&A  L       .  . 

eq  peak  hour 

39 

38.8 

Shore  Line  L      ,  , 

eq  peak  hour 

66.2 

52.5 

Idling  L      ,  , 

°      eq  peak  hour 

59.1 

58.7 

Total  peak  hour  L 

r           eq 

for  rail  components 

67.0 

58.8 

-Not  measured  for  this  site.  Model  based  on  LAir 
measured  at  Harcourt  St.  ^ 
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Background  Noise 

In  order  to  determine  the  background  noise  at  the  two 
receptors,  the  traffic  and  rail  components  were  added  together 
and  subtracted  from  the  existing  peak  measured  noise  levels. 
The  results  of  this  calculation  are  presented  in  Table  3.6. 

The  background  noise  at  Harcourt  Street  is  calculated  to 
be  60.1  dBA.   At  the  Gloucester  Apartment  building,  the 
background  noise  is  equal  to  64.3  dBA.   This  is  because  the 
Gloucester  Apartment  receptor  is  located  amidst  commercial 
activity  and  nearer  to  noise  sources  in  Back  Bay.   Harcourt 
Street  is  less  densely  developed  and  less  active.   The  monitor- 
ing location  is  bordered  on  two  sides  by  Turnpike  ramps  and 
a  railroad.   Neither  of  these  produce  noise-generating  activity 
not  included  in  the  traffic  and  rail  models. 

3. 3  Existing  Noise  Model  Results 

Although  the  two  modeled  receptors  have  the  same  measured 
peak  Lgq  of  69  dBA,  the  contributions  from  the  various  components 
differ.   This  is  shown  in  Table  3.7. 

In  Model  #1,  at  the  Harcourt  Street  receptor,  rail  noise  is 
the  most  significant  element,  contributing  67.0  dBA  to  the 
peak-hour  Leq .   Rail  noise  contributes  only  58.8  dBA  to  the 
noise  level  at  the  Gloucester  Apartments.   This  is  because  the 
Harcourt  Street  receptor  is  so  much  closer  to  the  Shore  Line 
activity  on  the  Southwest  corridor  railway. 

In  Model  #2,  traffic  and  background  noise  are  the  more 
significant  sources  of  noise;   traffic  accounting  for  66.4  dBA, 
and  background  for  64.3  dBA.   This  is  due  to  the  proximity  of 
Huntington  Avenue  and  the  Massachusetts  Turnpike  travel  lanes, 
as  well  as  the  high  level  of  local  noise-generating  commercial 
activity. 

Harcourt  Street,  being  more  removed  from  these  sources  of 
noise,  has  lower  contributions  from  traffic  (62.9  dBA)  and 
background  noise  (60.1  dBA). 
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TABLE  3.6 
CALCULATION  OF  BACKGROUND  NOISE 


LTotal   =   10  L0G  (1°   eqigUrfaC£  +   10  -^lO2 


ther 


MODEL  #1 

L      .   =  62.9^   ...   +  59.1.,,.      +  39. Op..  +  66.2  .    ,. 
eq  peak        traffic       idling  B6A       shoreline 


=   68.4  dBA 


69 


observed 


=   10  LOG  (10  ^  +  io  LeqQOther) 


Jeq  other 


10  LOG  (10  j^ 


in  6. 84. 
10  ^DT 


L     ..     =60.1  dBA 
eq  other 


MODEL  #2 


L      ,   =   66.4^   ...   +  52.5  ,    ,.    +  58.7.,,.    +  38.1BXA 
eq  peak         traffic       shoreline       idling       B&A 


=   67.2  dBA 


69- 


67.2 


=   10  LOG  (lO^p  + 


10 


Jeq  other 
10 


) 


'eq  other 


10  LOG  (10  |^ 


io^) 


eq  other 


*Peak  observed  dBA  at  location  =  66  dBA.   3  dBA  added  since 
this  noise  was  not  observed  during  peak  hours,  but  at  9:55  to 
10:55  AM  (in  1978  study). 
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TABLE  3.7 


NOISE  MODEL  SUMMARY 


Model  #1 


62.9        +  67.0   r1  +  60.1,   ,      ,  =  69  dBA  . 

traffic       rail       background         observed 


Model  #2 

66.  V   «•   +58.8   . ,  +  64.3,   ,      ,  -  69  dBA 

traffic       rail       background         estimated  peak 
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4.   CONSTRUCTION  PHASE  NOISE  LEVELS 

The  construction  period  for  Copley  Place  is  expected  to 
last  approximately  3-1/2  years.   During  this  time,  the  types, 
numbers,  and  locations  of  construction  equipment  will  vary 
depending  on  the  particular  phase  of  construction.   To  investi- 
gate the  potential  for  construction  noise  impacts,  six  time- 
period-equipment-location  scenarios  were  modeled. 

4. 1   Inputs  into  Construction  Noise  Model 

There  were  three  main  inputs  for  peak  levels  of  construc- 
tion noise  at  each  of  the  six  receptors.   These  are: 

1)  Construction  equipment  schedules 

2)  Location  of  construction  equipment 

3)  Construction  equipment  noise  emission  characteristics 

By  examining  various  combinations  of  these  inputs,  worst-case 
construction  noise  scenarios  were  determined. 

Construction  Equipment  Schedules 

The  best  available  construction  schedule  (by  month)  for 
Copley  Place  was  provided  by  PBQD.   The  schedule  breaks  down 
construction  activities  into  phases  for  each  major  project 
component.   Figure  4.1  shows  the  construction  schedule. 
Five  major  project  components  are  depicted  on  this  schedule: 

1)  Site  work 

2)  Luxury  Hotel 

3)  Convention  Hotel 

4)  Infield  Area 

5)  Housing 
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The  various  construction  activities  taking  place  at 
each  component  are  also  indicated.   For  each  of  these  activities 
the  numbers  and  types  of  proposed  equipment  was  provided. 

The  numbers  and  types  of  equipment  for  each  activity  were 
then  applied  to  the  construction  schedule. 

The  resulting  schedule  of  construction  equipment  usage 
is  shown  in  Appendix  F. 

Construction  Equipment  Location 

For  modeling  purposes,  construction  equipment  was  assumed 
to  be  located  at  a  theoretical  site-center  of  activity  for  the 
project  component  for  which  it  is  scheduled.  These  site-centers 
are  shown  on  Figure  4.2.  All  equipment  scheduled  for  the  luxury 
hotel,  for  example,  is  assumed  to  be  located  at  B. 

Construction  Equipment  Noise  Emission  Characteristics 

In  order  to  determine  the  noise  levels  associated  with 
Copley  Place  construction  activity,  noise  emissions  character- 
istics for  each  type  of  equipment  used  were  consulted.   These 
are  provided  by  the  EPA  and  included  in  Document  NTID  300.1*. 
Table  4.1  presents  these  construction  equipment  noise  levels. 
From  these  levels,  the  approximate  peak-hour  L   was  calculated;; 

The  L   levels  are  presented  in  Table  4.2. 
eq 


For  each  month  of  construction  activity  modeled,  cons  true  tic,, 
equipment  noise  emission  levels  were  applied  to  the  numbers  and  jL 
types  of  equipment  located  at  the  five  theoretical  construction 
activity  site  centers.   This  yielded  the  total  construction  noise,- 
emission  from  each  location. 


*U.S.  Environmental  Protection  Agency;  Document  NTID  300.1; 
"Noise  from  Construction  Equipment  and  Operations,  Building 
Equipment  and  Home  Appliances,"  December  1971. 
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TABLE  4.1 
CONSTRUCTION  EQUIPMENT  NOISE  EMISSION  CHARACTERISTICS 


Noise  Level 

Daily  Usage 

Equipment 

(dBA) 

Factor* • 

Earthmoving 

front  loader 

79 

0.4 

backhoes 

85 

0.16 

dozers 

80 

0.4 

tractors 

80 

0.4 

scrapers 

88 

0.4 

graders 

8S 

0.08 

truck 

86  + 

0.4 

paver 

89 

0.1 

Matorials  Handling 

concrete  mixer 

85 

0.4 

concrete  pump 

82 

0.4 

crane 

83 

0.1b 

derrick 

88 

0.16 

Stationary 

pujr.ps 

76 

1.0 

generators 

78 

1.0 

compressors 

81 

1.0 

Impact 

pile  drivers 

101 

0.04 

jack  hammers 

88 

0.1 

rock  drills 

98 

0.04 

peuuaatic  tools 

86 

0.16 

Other 

saws 

78 

0.04 

vibrator 

76 

0.4 

steam  blowout 

129 

0.01 

public  address  system 

120 

0.01 

batch  plant 

93 

1.0 

bource:   U.S.  Environmental  Protection  Agency;  Document  NTID  300.1; 
"Noise  froa  Construction  Equipment  and  Operations,  Building 
L^uipment  and  Home  Appliances,"  December  1971. 

*Al  a  reference  distance  of  SO  feet. 

••Defined  as  ihe  tiae  ratio  of  daily  time  at  maximum  engine  power  to 
the  tin.e  at  idle  or  shutdown  condition. 

Valuo  reflects  standard,  licensed  for-the-road  diesel  trucks. 
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TABLE 

4.2 

• 

CALCULATED  APPROXIMATE  PEAK  L 

eq 

FOR  CONSTRUCTION 

EQUIPMENT 

Equipment  Type 

Peak* 

Reference 

Noise  Level 

@  50'  (dBA) 

Daily* 

Usage 

Fa  ct  or 

Approximate 
Leq  PH 

Pile  driver/auger 

101 

0.04 

91 

dBA 

Compressor 

81 

1.0 

81 

dBA 

Jackhammer 

88 

0.1 

79 

dBA 

Pumps  (concrete  type  assumed) 

82 

0.4 

78 

dBA 

Backhoes 

85 

0.16 

77 

dBA 

Loaders 

79 

0.4 

75 

dBA 

Bulldozers 

80 

0.4 

76 

dBA 

Cranes 

83 

0.16 

75 

dBA 

Paving  ripper  (scraper) 

88 

0.40 

84 

dBA 

Cherry  picker  (pneumatic 

tool) 

86 

0.16 

78 

dBA 

Truck 

86 

0.1** 

75 

dBA 

Paver 

89 

0.1 

80 

dBA 

Roller/compactor  (grader) 

85 

0.08 

74 

dBA 

Concrete  truck  (truck) 

86 

0.4 

82 

dBA 

Hoist  (derrick) 

88 

0.16 

80 

dBA 

Forklift  (pneumatic  tool) 

86 

0.16 

78 

dBA 

Mortar  mixer 

85 

0.4 

81 

dBA 

Concrete  pump 

82 

0.4 

78 

dBA 

*per  EPA  NTID  300.1  unless  otherwise  noted. 
**assumed  value 
Calculated  using  Table  2  from  Highway  Noise,  FHWA  1977 
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4. 2   Construction  Noise  Model 

In  order  to  determine  the  probable  month  of  worst-case 
noise  level  at  each  site  center,  the  construction  schedule  of 
equipment  usage  was  studied  carefully.   For  months  with 
especially  loud  equipment  or  large  numbers  of  equipment  at  any 
location,  the  noise  emission  level  for  that  site  center 
was  calculated.   Examination  of  the  results  revealed  the  peak 
noise  level  month  at  each  location.   Two  peak  months  were 
found  at  the  convention  hotel  construction  activity  site 
center  (C) .   These  months  are: 

Model  Cl/Month  #3  peak  of  site  work  phase 
Model  C2/Month  #4  peak  of  luxury  hotel  noise 
Model  C3/Month  #13  peak  of  convention  hotel  noise 
Model  C4/Month  #23  peak  of  convention  hotel  noise 
Model  C5/Month  #11  peak  of  Office/Mall  noise 
Model  C6/Month  #28  peak  of  housing  noise 

L  „  noise  levels  for  each  of  these  months  were  calculated 
eq 

at  each  of  the  six  receptors  used  in  the  noise  monitoring  study 
described  in  Section  2  of  this  report.   To  do  this,  the  total 
noise  level  at  each  site  center  was  corrected  for  the  distance 
to  each  receptor.   These  calculations  are  included  as  Appendix  G. 

The  results  of  the  peak  construction  phase  noise  modeling 
are  summarized  in  Table  4.3.   For  comparison  to  the  Boston 
construction  noise  regulations*  (see  Table  4.4),  the  six  models 
were  re-run  without  impact  devices ,  such  as  paving  rippers  and 
pile  drivers.   The  results  of  the  second  model  run  are  also 
outlined  in  Table  4.3. 


-The  Boston  regulation  applies  to  L^q  levels,  rather  than  Leq 
The  Lio  levels  will  probably  be  1  or  2  dB  higher  than  Leq 
numbers.   Noise  from  impact  devices  is  not  regulated  by  the 
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TABLE  4.4 

CITY  OF  BOSTON 

SUMMARY  OF  RESTRICTION  ON 

CONSTRUCTION  SITE  NOISE* 

3.1 

MAXIMUM  LEVELS 

Land  Use 
of  Affected 
Property 

Residential  or 
Institutional 

Maximum  Noise  Level  Value 
Measure  at  Lot  Line  of 
Affected  Property  (dBA) 

Li  o 
75 

Maximum  Noise 
Level 

86 

Business  or 
Recreational 

80 

-- 

Aieir'-^ 

Industrial 

(To  be  evaluated  at 
»**y  active  construct 
sound  level  meter. 

85 

c'/oiw 

uistances  fr!,HJ-gi l-cl  lm<iii  ju  leei  i.ru!ii 

ion  device,  using  slow  response  of 

3.2 

MEASUREMENTS 

•  A-weighted 

•  At  10-second  intervals,  100  sample  total 

•  Measured  Lio  must  exceed  background  Lio  for 
violation  of>^l                      * 

■A 

3. A 

Maximum  levels  under  }*.\   do  not  apply  to  impace  devices 
(pile  drivers,  paving  breakers,  riveters,  etc.) 

-City  of  Boston  Air  Pollution  Control  Commission,  "Regulations 
for  rhe  Control  of  Noise  in  the  City  of  Boston."  Regulation  3, 
t'tlective  January  1,  1976. 
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4. 3   Construction  Noise  Model  Results 
Receptor  1,  Gloucester  Apartments 

Peak  construction  noise  levels  (L  )  will  probably  exceed 
77  dBA  during  pile  driving  activities.   When  impact  devices  are 
not  used,  maximum  L   noise  levels  will  be  about  75-76  dBA.   These 
are  increases  of  6-9   dB  above  the  existing  peak  noise  levels  at 
the  site.   The  predicted  noise  levels  exceed  the  75  dBA  (Leq ; 
about  73-74  dBA  L   )  construction  site  noise  level  specified  by 
Regulation  3.   The  increased  noise  levels  may  be  perceived  as 
aggravating  to  residents  of  the  apartment  tower. 

Receptor  2 ,  Copley  Square 

Peak  construction  noise  levels  (L   )  will  be  approximately  77  dB 

eq 

Peak  levels  without  impact  devices  will  be  about  71  dB.   These 

are  increases  of  4-10  dB  above  the  existing  estimated  peak  L 

°  r     eq 

levels  at  Copley  Square.   The  peak  predicted  levels  fall  well 
within  the  maximum  levels  specified  by  the  city  construction 
noise  regulation  level  (80  dBA  L,Q,    78-79  dBA  L   ). 

Receptor  3,  Dartmouth  Street 

Peak  equivalent  construction  noise  levels  will  be  iust  over 
80  dBA,  including  pile  drivers  and  other  impact  equipment  devices. 

Without  impact  equipment,  the  peak  predicted  construction  noise 
level  is  74.5  dB.   These  are  increases  of  about  3-8  dB  over 
existing  noise  levels.   The  relatively  small  increase,  which 
is  within  the  city's  specified  L,0  ceiling  of  80  dB,  is  due  to  the 

proximity  of  that  receptor  location  to  the  rail  activity  at 
Back  Bay  Station. 
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Receptor  4,  Tent  City 

Estimated  peak  construction  noise  levels  (L   )  will  be  just 
under  81  dB  with  the  pile  driving  activity  and  75-76  dB  without 
impact  devices.   This  is  an  increase  of  about  5-10  dB  above  the 
existing  noise  levels  at  the  site  and  slightly  exceeds  or  is  with 
in  the  L,0  limit  of  75/80  dB  set  by  the  city  construction  noise 
regulation. 

Receptor  5,  Karcourt  Street 

The  85  dB  equivalent  noise  level  predicted  for  Harcourt 
Street  is  the  maximum  predicted  level  associated  with  the  Copley 
Place  construction.   Even  without  the  pile  driving  for  the  hous- 
ing component  which  causes  this  peak  noise,  levels  may  be  as 
high  as  78  dB.   This  increase  of  9  dB  exceeds  the  75  dB  (L-,0; 

73-74  dBA  L   )  construction  noise  limit  specified  for  housing. 

eq  r  ° 

The  peak  levels  may  be  attributed  to  the  proximity  of  this 
particular  site  to  construction  activities.   The  site  is 
immediately  opposite  the  proposed  housing  construction  activi- 
ties, and  relatively  close  to  the  office,  mall,  and  convention 
hotel  construction  as  well. 


Receptor  6,  Mini-Pru 

Peak  L   construction  noise  at  the  base  of  the  Mini-Pru 
eq 

may  exceed  81  dB  during  pile  driving  for  the  nearby  convention 
hotel.   Peak  noise  levels  for  non-impact  construction  equipment 
will  be  about  78  dB,  which  is  about  equal  to  the  city's  regulatee 
L-q  level  of  80  dB  for  business  properties,  or  78-79  dBA  (L  ) . 

Southwest  Corridor  Project  Construction 


It  is  anticipated  that  construction  work  on  the  Southwest 
Corridor  Project  will  be  occuring  simultaneously  with  construc- 
tion work  on  the  Copley  Place  Project.   The  Southwest  Corridor 
Project  will  produce  construction  noise  levels  which  will 
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affect  people  in  residential  areas  on  the  southern  border  of 
the  Copley  place  site  (i.e.,  along  Harcourt ,  Yarmouth,  Carleton, 
etc.  Streets)*.   Both  construction  projects  involve  various 
quantities  and  types  of  construction  equipment.   Thus,  during 
the  construction  of  these  projects,  three  types  of  noise  level 
conditions  may  exist  at  the  aforementioned  noise  sensitive 
receptor  area.   Construction  noise  levels  will  be  predominantly 
due  to  (1)  the  Southwest  Corridor  construction  activities;  (2) 
the  Copley  Place  construction  activities;  or  (3)  approximately 
equal  contributions  from  both  projects.   The  maximum  "additive 
effect"  would  occur  when  equal  noise  level  contributions  from 
both  projects  exist  at  the  same  time,  in  which  case,  the  result- 
ing noise  level  would  be  3  dBA  more  than  the  contribution  from 
either  project.   A  3  dBA  change  in  noise  level  is  just  barely 
over  the  threshold  of  human  perception  and  is  not  considered 
significant  by  most  people;  however,  it  may  cause  additional 
exceedance. 

The  predicted  construction  noise  levels  are  on  the  con- 
servative side.   Barrier  effects  which  will  occur  during  latter 
stages  of  construction,  when  the  super-structure  is  already 
erected,  are  not  considered. 

In  order  to  mitigate  the  impacts  of  these  noise  levels, 
construction  activities  will  not  occur  before  8:00  AM  or  after 
6:00  PM.   Whever  feasible,  mufflers  and  other  noise  abatement 
measures  will  be  used  to  minimize  noise  levels. 


^Volume  one  Final  EIS  Orange  Ling  Relocation  and  Arterial 
Street  Location,  Page  5-55. 
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5.   OPERATIONAL  NOISE  LEVELS  (1983) 

5. 1   Causes  of  Future  Noise  Impacts 

Development  of  the  Copley  Place  Project  involves  the 
potential  for  both  improving  and  degrading  the  noise  environ- 
ment in  the  vicinity  of  the  project  site.   The  factors  that 
involve  potential  for  increasing  noise  levels  may  be  broken 
into  two  major  components: 

1)  Introducing  additional  "mobile  source"  traffic  activity 
in  the  street  system  around  the  project  site;  and 

2)  Introducing  new  "point  source"  mechanical  equipment 
to  the  site  area.   The  heating,  ventilating  and  air 
conditioning  equipment  (HVAC)  includes  ventilation 
fans  and  cooling  towers  which  may  be  considered  new 
sources  of  noise  in  the  area. 

On  the  other  hand,  the  design  of  the  project,  together  with 
the  design  of  the  adjacent  Orange  Line  improvement,  incorporates 
changes  which  may  significantly  reduce  noise  generation  in  the 
area.   These  design  changes  include: 

1)  Decking  over  the  rail  lines  which  effectively  removes 
rail  noise  as  a  major  source  in  the  area; 

2)  Decking  over  the  Turnpike  section  through  the  site, 
which  removes  the  largest  single  traffic  carrying  link 
in  the  system  as  a  noise  source; 

3)  Decking  over  the  large  majority  of  the  Turnpike  ramps 
thereby  reducing  the  contribution  of  these  elements 
to  local  noise  levels;  and 
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4)    Introducing  new  structures  or.  the  site  which  provide 
additional  acoustical  barriers  in  place  of  the  rela- 
tively open  site  which  exists  now.   The  South  End, 
for  instance,  becomes  buffered  from  Huntington  Avenue 
traffic  noise. 

The  net  effect  of  these  positive  and  negative  changes  to 
ambient  noise  levels  is  a  function  of  receptor  location  rela- 
tive to  the  project  site  and  the  surrounding  street  network. 
Receptors  around  the  site  fall  into  two  categories  with  respect 
to  potential  changes  in  noise  levels.   The  first  category  con- 
sists of  those  receptors  located  adjacent  to  the  major  traffic 
arterials  which  will  not  be  decked  in  the  future.   These 
arterials  include  Huntington  Avenue  and  Dartmouth  Street. 
These  receptors  are  represented  by  noise  monitoring  stations  1, 
2,  and  6  as  described  in  Section  3.1  of  this  report  and 
include  the  Gloucester  Apartments,  hotels,  and  various 
office  and  commercial  facilities  abutting  the  site.   At  these 
locations,  the  project  will  cause  some  increases  in  traffic 
volumes,  above  those  projected  for  area-wide  growth.   These 
traffic  increases  will  contribute  to  local  noise  levels.   At  the 
same  time,  these  locations  will  receive  some  attenuation  due  to 
the  decking  of  the  more  distant  rail  lines  and  street  segments. 
These  two  phenomena  tend  to  balance, leaving  relatively  little 
total  change. 

The  second  category  consists  of  those  receptors  located 
adjacent  to  the  major  traffic  arteries  and  rail  lines  that  will 
be  decked  in  the  future.   These  receptors  are  represented  by 
noise  monitoring  stations  3,  4,  and  5  and  include 
the  residential  units  on  Harro\irt  Street,  the  Tent  City  site, 
and  the  Dartmouth  Street  site.   For  these  sites,  the  predominant 
source  of  noise  will  be  eliminated  and  more  significant  reduc- 
tions in  noise  levels  may  take  place. 
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5 . 2   Future  Noise  Level  Models 

In  order  to  quantify  the  potential  changes  in  noise  levels 
on  completion  of  Copley  Place,  the  two  existing  noise  level 
models  were  run  for  the  future  case.   In  order  to  predict 
future  noise  levels,  changes  in  traffic,  changes  in  rai  ]  activity, 
the  effects  of  decks  and  barriers,  and  the  addition  of  HVAC 
mechanical  systems  for  the  preferred  alternative  were  incorporated 
in  each  model." 

Traffic  and  Rail 

In  order  to  estimate  future  noise  levels,  each  traffic 
and  rail  link  was  examined  for  changes  in  geometry.   If  the  link 
will  be  completely  shielded,  a  25  dBA  reduction  to  the  existing 
level  is  assumed.   This  is  considered  conservative  since  the 
noise  from  decked  links  may  well  be  fully  eliminated.   Links 
which  remain  significantly  exposed  to  the  receptor  are  re-run 
using  1983  traffic  figures.** 

Link  18,  Harcourt  Street,  was  re-run  assuming  a  new  modal 
split  of  507o  automobiles,  and  25%  each  of  heavy  and  medium 
trucks.   This  is  to  account  for  the  new  Copley  Place  service 
entrance  located  on  that  link. 

The  treatment  of  each  traffic  link  in  the  two  future  noise 
models  is  shown  in  Tables  5.1  and  5.2.   Worksheets  for  links 
re-run  with  future  traffic  volumes  are  in  Appendix  H.   Since  all 
the  rail  noise  links  will  be  fully  decked,  a  25  dBA  reduction 
was  assumed  for  the  total  rail  component  from  the  existing  noise 
level  models. 


*Noise  levels  associated  with  the  alternative  program  would  not 
be  appreciably  different  since  all  roadway  and  rail  barriers 
and  traffic  predictions  remain  constant. 

'r,vSupplied  by  traffic  consultants. 
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TABLE  5 . 1 


TRAFFIC  NOISE  EMISSIONS,  FUTURE  CASE  MODEL  #1 


Existing 

Future 

Link 

L 
eq 

-25  dBA* 

L 

1 

Ramp  D 

55.4 

-25 

30.4 

2 

Ramp  B 

49.9 

-25 

24.9 

3 

Ramp  B/D 

48.2 

-25 

23.2 

4 

Ramp  C 

0 

5 

Ramp  B/C/D 

47.9 

-25 

22.9 

6 

Turnpike  EB 

57.7 

-25 

32.7 

7 

Turnpike  WB 

54.5 

-25 

29.5 

8 

Huntington  EB 

45.4 

9 

Huntington  EB ' 

41.1 

-25 

16.0 

10 

Stuart 

50.4 

-25 

25.4 

11 

Huntington  WB 

44.8 

\\        12 

Dartmouth  NB 

39.1 

-25 

14.1 

]  3 

Dartmouth  NB 

38.5 

-25 

13.5 

14 

Dartmouth  SB* 

39.9 

-25 

14.5 

15 

Dartmouth  SB" 

38.7 

-25 

13.7 

18 

Harcourt  Street 
(service  entrance) 

55.4 

TOTAL 

56.2  dBA 

•25  dBA  attenuation  factor  assumed  for  completely  shielded  links 
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TABLE  5  . 2 

TRAFFIC  NOISE  EMISSIONS,  FUTURE 

CASE  MODEL  #2 

Existing 

Future 

Link 

L 
ecj 

-25  dBA* 

L 

1 

Ramp  D 

44.0 

1    2 

Ramp  B 

43.4 

-25 

18.4 

3 

Ramp  B/D 

43.7 

-25 

18.7 

4 

Ramp  C 

0 

0 

!    5 

Ramp  B/C/D 

52.5 

-25 

27.5 

6 

Turnpike  EB 

59.0 

-25 

34.5 

7 

Turnpike  WB 

59.1 

-25 

34.6 

8 

Huntington  EB 

50.2 

9 

Huntington  EB ' 

56.7 

10 

Stuart 

51.8 

!    ii 

Huntington  WB 

59.6 

12 

Dartmouth  NB 

39.4 

-25 

14.4 

13 

Dartmouth  NB 

39.2 

-25 

14.2 

14 

Dartmouth  SB* 

38.7 

-25 

13.7 

15 

Dartmouth  SB" 

39.1 

-25 

14.1 

16 

Exeter 

61.3 

17 

Ring  Rd. 

50.0 

18 

Harcourt  Street 
(service  entrance) 

45.1 

TOTAL 

65.0  dBA 

*-25  dBA  attenuation  factor  assumed  for  completely  shielded  links 
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Background 

Background  noise  levels  are  assumed  to  remain  the  same. 

HVAC 

Added  to  the   traffic,  rail,  and  background  levels  is 
the  noise  contribution  from  the  Copley  Place  HVAC  equipment. 
The  locations  and  numbers  of  fans  were  provided  by  the  architect.* 
Figure  5.1  shows  these  locations.   Each  fan  is  assumed  to  be 
54  dBA  at  100  feet."  From  this  information,  distance  attenuation 
corrections  were  calculated  and  barrier  adjustments  assumed. 
This  information  is  presented  in  Appendix  I  along  with  the 
heights  of  the  vents.   This  model  was  run  for  all  six  of  the 
noise  receptor  locations.   The  results  are  presented  in 
Table  5.3. 

5 . 3   Future  Noise  Model  Results 

After  each  component  to  future  noise  was  calculated,  they 
were  added  together  to  find  the  total  of  predicted  future  noise. 
Table  5.4  presents  a  summary  of  the  future  noise  calculations. 

The  calculations  indicate  a  reduction  of  about  1  dB  for  the 
future  case  at  the  Gloucester  Apartments  site.   This  change  is 
probably  below  the  threshold  at  which  it  would  be  noticed. 

The  future  estimated  peak  noise  level  at  Harcourt  Street 
will  decrease  by  5-6  dBA  even  though  there  will  be  &   significant 
increase  in  noise  levels  associated  with  the  service  entrance 
located  on  the  street.   A  5-6  dBA  decrease  is  large  enough  to  be 
perceived  by  residents  as  an  improvement,  but  annoyance  associated 
with  service  vehicles  may  offset  this  perception. 


*The  Architects  Collaborative,  Cambridge,  Massachusetts.  Howard 
Elkus,  head  project  architect. 

**Copley  Place  Draft  Environmental  Impact  Report,  1978. 
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TABLE    5.3 


VENT  NOISE  COMPONENT 

Receptors 

Vents 
A 

1 

2       3       4 

5 

6 

36 

26      37      50 

51 

37 

B 

32 

27      36      48 

49 

38 

C 
D 
E 

51.4 

42.4    44.4    40.4 

39.4 

43.4 

29 

28      52      35 

36 

28 

F 

33 

25      42      56 

50 

30 

G 

49.8 

33.8    40.8    36.8 

36.8 

41.8 

H 

29 

27      46      53 

40 

29 

I 

39 

32      36      30 

29 

40 

J 

- 

- 

- 

- 

Total  Vent 
Noise  at  ea< 
Receptor 

54.0 

43.7    55.0    58.9 

55.2 

47.8 
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TABLE  5.4 


PREDICTED  NOISE  LEVELS  (L   ) 


Receptor  #1 
Gloucester  Apts . 

Peak  Traffic 

Existing  1979 
Condition 

Future*  1983 
Condition 

65.0 

66.4 

Peak  Rail 

58.8 

33.8 

Peak  Copley  HVAC 

- 

54.0 

Peak  Background 

64.3 

64.3 

Peak  Total 

69.0 

67.9  dB 

Receptor  #4 
]    Harcourt  Street 

Peak  Traffic 

62.9 

56.2 

Peak  Rail 

66.9 

41.9 

Peak  Copley  HVAC 

- 

58.9** 

Peak  Background 
Peak  Total 

60.1 

60.1 

69.0 

63.5  dB 

^A  25  dB  reduction  in  noise  is  assumed  for  transportation 
links  which  will  be  decked  over. 
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It  is  likely  that  receptor  #6,  the  Mini-Pru,  and  receptor 
#2,  at  Copley  Square,  will  be  affected  in  a  manner  similar  to 
receptor  #1  at  the  Gloucester  apartment  building.   There  will  be 
a  minimal  reduction  in  future  noise  levels,  and  this  will  be  per- 
ceived as  "no  change"  from  existing  conditions.   Receptors  #3  and 
#4  at  Dartmouth  Street  and  Tent  City,  respectively,  will  likely 
have  reduced  noise  levels  similar  to  those  at  Harcourt  Street. 
These  reductions  of  approximately  4-6  dB  will  be  perceived  as 
noticeable  reductions. 

The  calculated  reduction  in  future  noise  peak  levels 
(5-6  dB)  at  Harcourt  Street  also  implies  that  future  L,   levels 
will  be  below  the  existing  level  of  66.7  dB.   L,  will  probably 
not  decrease  by  5-6  dB,  a  3-4  dB  reduction  is  more  likely  since 
evening  levels  will  not  decrease  as  significantly  as  day  time 
peak  noise.   A  3  dB  reduction,  however,  results  in  an  L,   of 
63.7  dB  below  the  HUD  threshold  of  65  dB  for  "acceptable"  sites 
for  housing. 

5 . 4   Significance  of  Noise  Impacts 

Noise  impacts  are  most  often  judged  according  to  two 
sets  of  criteria.   The  first  set  of  criteria  are  the  applicable 
government  standards  and  regulations.   The  federal,  state,  and 
local  controls  often  specify  noise  level  ceilings  for  both  the 
operational  and  construction  phases  of  new  projects.  The  second 
set  of  criteria  which  have  already  been  discussed  are  impacts 
judged  according  to  relative  changes  associated  with  a  new 
facility.   Increases  of  5  to  10  dB  may  be  perceived  to  be  a 
moderate  impact,  and  increases  of  10  dB  or  more  are  usually 
considered  significant,  even  where  no  standards  apply. 

The  federal  regulations  that  apply  to  Copley  Place  are  the 
new  HUD  standards  for  new  housing  at  L,   =  65,  which  are  outlined 
in  Section  2.3  and  included  in  Appendix  C.   ^o  other'  federal 
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regulations  apply  directly  to  the  community  noise  resulting 
from  the  project.  As  mentioned,  future  L,  is  estimated  to 
be  between  63  and  64  dBA,  below  the  HUD  threshold  of  65  dBA 

for  Ldn- 

Massachusetts  has  noise  regulations  that  require  appropriate 

steps  be  taken  to  prevent  or  suppress  the  generation  of 
"...industrial  and  commercial  sources  of  sound,  and  other  man- 
made  sounds  that  cause  noise."   Specific  guidelines  issued  by 
the  State  Department  of  Environmental  Quality  Engineering  for 
the  approval  of  a  facility  are  that  the  following  conditions 
be  avoided: 

1)  increasing  the  broadband  noise  level  in  excess  of 
10  dB(A)  above  background;  or 

2)  producing  a  pure  tone  condition. 

The  broadband  background  noise  level  referred  to  is 
interpreted  as  the  background  or  Lq.-.  level.   A  pure  tone  condi- 
tion is  considered  to  exist  when  the  sound  level  of  an  octave 
band  exceeds  the  average  sound  level  of  adjacent  octave  bands 
by  3  dB  or  more. 

Copley  Place  will  not  increase  the  broadband  background 
noise  by  10  dBA  above  background  noise.   The  (L   )  noise  levels 

modeled  at  the  receptors  studied  decreased  by  2%  and  8%.   It  is  nc:i 
anticipated  that  Copley  Place  will  produce  any  pure  tone  con- 
ditions.  The  only  noise  source  to  be  introduced  by  Copley  Place 
is  the  HVAC  equipment.   This  equipment  is  standard  and  will 
have  no  impacts  other  than  adding  to  the  background  noise. 

Boston's  noise  regulations  apply  to  both  construction  and 
operational  phases  of  the  project.   Regulation  3,  covering 
construction  noise,  was  summarized  in  Table  4.4.   For  stationary, 
steady  sources  of  noise,  characteristic  of  the  operational 
phase  of  the  project,  Regulation  2  applies.   This  latter 
regulation  stipulates  maximum  noise  levels  (on  an  octave  band 
basis)  that  must  not  be  exceeded  on  abutting  property  lines. 
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The  stipulated  noise  levels  are  function  of  the  zoned  land  use 
and  time  of  day  (approximately  corresponding  to  a  distinction 
between  the  normal  hours  of  commerce-  7:00  AM  to  6:00  PM 
daily  except  Sunday  -  and  other  times).   This  regulation  is 

presented  in  Table  5.5. 

Receptors  #4  and  #5  used  in  this  study  are  located  in  dis- 
tricts zoned  for  residential  use.   The  others  are  in  business 
zones.   However,  all  the  actual  land  uses  are  typical  of  those 
in  mixed-use  areas.   Immediately  adjacent  to  the  monitoring 
sites,  activities  include  commercial,  office,  transportation, 
and  institutional  activities. 

Measured  and  predicted  noise  levels  are  also  more  typical 
of  an  area  of  combined  residential  and  industrial  usage. 
Existing  L   noise  levels  equal  69  dBA.   This  value  is  above 
the  City  of  Boston  noise  standards  presented  in  Table  5.5.   For 
residential/industrial  zones,  the  limit  is  65  dBA,  for  resi- 
dential zones  it  is  60  dBA. 

At  the  Gloucester  Apartments,  a  small  noise  level  decrease 
is  expected.   Future  noise  levels  are  predicted  to  be  67.9  dBA; 
a  1.1  dBA  decrease  from  existing  levels.   This  is  still  above 
the  60  dBA  residential  and  the  65  dBA  residential/industrial 
noise  limits. 

At  Harcourt  Street,  the  future  noise  level,  63.5  dBA,  will 
still  be  above  the  residential  zone  limit  of  60  dBA.   However, 
the  5.5  predicted  future  noise  level  decrease  associated  with 
Copley  Place  will  cause  noise  levels  at  this  location  to  fall 
below  the  65  dBA  threshold  for  residential/industrial  zones. 
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TABLE  5.5 

CITY  OF  BOSTON 
TABLE  OF  ZONING  DISTRICT  NOISE  STANDARDS 
MAXIMUM  ALLOWABLE  SOUND  PRESSURE  LEVELS 


Octave  Band 

Center 

Frequency 

Residential- 

of 
Measurement 

Res 

idential 

Industrial 

Industry 

Business 

All  Other 

All  Other 

(Hz) 

Daytime 

Times 

Daytime     Times 

Anytime 

Anyt  ime 

31.5 

76 

68 

79         72 

83 

79 

63 

75 

67 

78         71 

82 

78 

125 

69 

61 

73         65 

77 

7J 

250 

62 

52 

68         57 

73 

6° 

500 

56 

46 

62         51 

67 

62 

!    iooo 

50 

40 

56         45 

61 

56 

2000 

45 

33 

51         39 

57 

51 

4000 

40 

26 

4  7         34 

53 

47 

■      8000 

38 

26 

44         32 

50 

44 

Approximate 

60 

50 

65         55 

70 

65 

Single- 

Number-Svstem 

[dB(A)]** 

Notes:  1)  Noise  standards  are  extracted  from  Regulation  2.5,  City  of  Boston 
Air  Pollution  Control  Commission,  "Regulations  for  the  Control  of 
Noise  in  the  City  of  Boston"  effective  January  1,  1976. 

2)   Reference  pressure  of  2  x  10  5  N/m2. 

'Daytime  includes  the  period  between  7:00  A.M.  and  6:00  P.M.  daily  except  Sund.|& 

**For  preliminary  survey  and  monitoring  only. 
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ABOUT  SOUND 

The  sound  we  hear  is  the  result  of  a  sound  source  inducing  vibration  in  the  air.  The  vibration  produces 
alternating  band  of  relatively  dense  and  sparse  particles  of  air,  spreading  outward  from  the  source  in  the 
same  way  as  ripples  do  on  water  after  a  stone  is  thrown  into  it.  The  result  of  the  movement  of  the  par- 
ticles is  a  fluctuation  in  the  normal  atmospheric  pressure,  or  sound  waves.  These  waves  radiate  in  all  direc- 
tions from  the  source  and  may  be  reflected  and  scattered  or,  like  other  wave  actions,  may  turn  corners. 
When  the  source  stops  vibrating,  the  sound  waves  disappear  almost  instantaneously,  and  the  sound 
ceases.  The  ear  is  extremely  sensitive  to  sound  pressure  fluctuations,  which  are  converted  into  auditory 
sensations. 

Sound  may  be  described  in  terms  of  three  variables: 

1.  Amplitude  (perceived  as  loudness) 

2.  Frequency  (perceived  as  pitch) 

3.  Time  pattern 

Amplitude 

Sound  pressure  is  the  amplitude  or  measure  of  the  difference  between  atmospheric  pressure  (with  no 
sound  present)  and  the  total  pressure  (with  sound  present).  Although  there  are  other  measures  of  sound 
amplitude,  sound  pressure  is  the  fundamental  measure  and  is  the  basic  ingredient  of  the  various  measure- 
ment descriptors  in  the  next  section,  "Measurement  of  Environmental  Noise." 

The  unit  of  sound  pressure  is  the  decibel  (dB);  thus  it  is  said  that  a  sound  pressure  level  is  a  certain 
number  of  decibels.  The  decibel  scale  is  a  logarithmic  scale,  not  a  linear  one  such  as  the  scale  of  length.  / 
logarithmic  scale  is  used  because  the  range  of  sound  intensities  is  so  great  that  it  is  convenient  to  com- 
press the  scale  to  encompass  all  the  sounds  that  need  to  be  measured.  The  human  aar  has  an  extremely 
widr  range  of  response  to  sound  amplitude.  Sharply  painful  sound  is  10  million  times  greater  in  sound 
pressure  than  the  least  audible  sound.  In  decibels,  this  10  million  to  1  ratio  is  simplified  logarithmically  to 
140  dB. 

Another  unusual  property  of  the  decibel  scale  is  that  the  sound  pressure  levels  of  two  separate  sounds 
are  not  directly  (that  is,  arithmetically)  additive.  For  example,  if  a  sound  of  70  dB  is  added  to  another 
sound  of  70  dB,  the  total  is  only  a  3-decibel  increase  (to  73  dB),  not  a  doubling  to  140  dB.  Furthermore,  if 
two  sounds  are  of  different  levels,  the  lower  level  adds  less  to  the  higher  as  this  difference  increases.  If  the 
difference  is  as  much  as  10  dB,  the  lower  level  adds  almost  nothing  to  the  higher  level.  In  other  words, 
adding  a  60  decibel  sound  to  a  70  decibel  sound  only  increases  the  total  sound  pressure  level  less  than 
one-half  decibel. 

Frequency 

The  rate  at  which  a  sound  source  vibrates,  or  makes  the  air  vibrate,  determines  frequency.  The  unit  of 
time  is  usually  one  second  and  the  term  "Hertz"  (after  an  early  investigator  of  the  physics  of  sound)  is 
used  to  designate  the  number  of  cycles  per  second. 

The  human  ear  and  that  of  most  animals  has  a  wide  range  of  response.  Humans  can  identify  sounds 
with  frequencies  from  about  16  Hz  (Hertz)  to  20,000  Hz.  Because  pure  tones  are  relatively  rare  in  real-life 
situations,  most  sounds  consist  instead  of  a  complex  mixture  of  many  frequencies. 

Time  Pattern 

The  temporal  nature  of  sound  may  be  described  in  terms  of  its  pattern  of  time  and  level:  continuity,  fluc- 
tuation, impulsiveness,  intermittency.  Continuous  sounds  are  those  produced  for  relatively  long  periods  at 
a  constant  level,  such  as  the  noise  of  a  waterfall.  Intermittent  sounds  are  those  which  are  produced  for 
short  periods,  such  as  the  ringing  of  a  telephone  or  aircraft  take-offs  and  landings.  Impulse  noises  are 
sounds  which  are  produced  in  an  extremely  short  span  of  time,  such  as  a  pistol  shot  or  a  hand  clap.  Fluc- 
tuating sounds  vary  in  level  over  time,  such  as  the  loudness  of  traffic  sounds  at  a  busy  intersection. 

MEASUREMENT  OF  ENVIRONMENTAL  NOISE:  SOUND  DESCRIPTORS 

EPA  has  adopted  a  system  of  four  "sound  descriptors"  to  summarize  how  people  hear  sound  and  to 
determine  the  impact  of  environmental  noise  on  public  health  and  welfare.  Those  foui  descriptors  am:  the 
A-weighted  Sound  Level,  A-weighted  Sound  Exposure  Level,  Equivalent  Sound  Level,  and  Daylight 


Sound  Level.  They  are  related  but  each  is  most  useful  for  a  particular  type  of  measurement.  The  descrip- 
tors and  some  examples  of  their  uses  are  described  below. 

A-weighted  Sound  Level 

One's  ability  to  hear  a  sound  depends  greatly  on  the  frequency  composition  of  the  sound.  People  hear 
sounds  most  readily  when  the  predominant  sound  energy  occurs  at  frequencies  between  1000  and  6000 
Hertz  (cycles  per  second).  Sounds  at  frequencies  above  10,000  Hertz  (such  as  high-pitched  hissing)  are 
much  more  difficult  to  hear,  as  are  sounds  at  frequencies  below  about  100  Hz  (such  as  a  low  rumble).  To 
measure  sound  on  a  scale  that  approximates  the  way  it  is  heard  by  people,  more  weight  must  be  given  to 
the  frequencies  that  people  hear  more  easily. 

A  method  for  weighting  the  frequency  spectrum  to  mimic  the  human  ear  has  been  sought  for  years. 
Many  different  scales  of  sound  measurement,  including  A-weighted  sound  level  (and  also  B,  C,  D,  and 
E-weighted  sound  levels)  have  evolved  in  this  search.  A-weighting  was  recommended  by  EPA  to  describe 
environmental  noise  because  it  is  convenient  to  use,  accurate  for  most  purposes,  and  is  used  extensively 
throughout  the  world.  Figure  1  shows  the  A-weighted  levels  of  some  environmental  noises.  Note  that 
these  ranges  of  measured  values  are  the  maximum  sound  levels. 

The  A-weighting  of  frequency  also  is  used  in  the  three  descriptors  discussed  below.  When  used  by 
itself,  an  A-weighted  decibel  value  denotes  either  a  sound  level  at  a  given  mstant,  a  maximum  level,  or  a 
steady-state  level.  The  following  three  descriptors  are  used  to  summarize  those  levels  which  vary  over 
time. 

Sound  Exposure  Level    -  Exceedance  Levels 

_  Since  the  levels  of  many  sounds  change  from  moment  to  moment,  this  variation  must  also  be  accounted 
for  when  measuring  environmental  noise.  One  method  for  measuring  the  changing  magnitude  of  sound 
levels  is  to  trace  a  line  on  a  sheet  of  moving  paper,  so  that  the  movement  of  the  pen  is  proportional  to  the 
sound  level  in  decibels.  Figure  2  illustrates  such  a  recording,  about  which  several  features  are  noteworthy. 
First,  the  sound  level  varies  with  time  over  a  range  of  about  30  dB.  Second,  the  sound  appears  to  be 
characterized  by  a  fairly  steady-state  lower  level,  upon  which  are  superimposed  sound  levels  associated 
with  individual  events.  This  fairly  constant  lower  level  is  often  called  the  background  ambient  sound  level. 

Each  single  event  in  Figure  2  may  be  partially  characterized  by  its  maximum  level.  It  may  also  be  partially 
characterized  by  its  time  pattern.  In  the  example,  the  sound  level  of  the  aircraft  is  above  that  of  the  back- 
ground ambient  level  for  about  a  minufe,  whereas  the  sound  levels  from  cars  are  above  the  background 
level  for  much  less  time. 

The  duration  of  sounds  with  levels  that  vary  from  moment  to  moment  is  more  difficult  to  characterize. 
One  way  is  to  combine  the  maximum  sound  level  with  the  length  of  time  during  which  the  sound  level  is 
greater  than  a  certain  number  of  decibels  below  the  maximum  level  —  for  example,  the  number  of  seconds 
that  the  sound  rises  from  10  dB  below  maximum,  as  in  Figure  3. 

Using  this  procedure  one  can  measure  the  total  energy  of  the  coond  by  summing  the  intensity  during 
the  exposure  duration.  This  procedure  produces  the  second  measurement  descriptor,  sound  exposure  level 
(Ls),  referred  to  in  the  Levels  Document  as  the  single  event  noise  exposure  level  (SENEL). 

Equivalent  Sound  Level 

Yet  another  method  of  quantifying  the  noise  environment  is  to  determine  the  value  of  a  steady-state 
sound  which  has  the  same  A-weighted  sound  energy  as  that  contained  in  the  time-varying  sound.  This  is 
the  third  measurement  descriptor,  termed  the  Equivalent  Sound  Level  (L^).  The  Equivalent  Sound  Level  is 
a  single  value  of  sound  level  for  any  desired  duration,  which  includes  all  of  the  time-varying  sound  energy 
in  the  measurement  period.  In  Figure  2,  for  example,  the  Uq  equals  about  58  dB,  indicating  that  the 
amount  of  sound  energy  in  all  the  peaks  and  valleys  in  the  figure  is  equivalent  to  the  energy  in  a  con- 
tinuous sound  of  58  dB. 

The  major  virtue  of  the  Equivalent  Sound  Level  is  that  it  correlates  reasonably  well  with  the  effects  ef 
noise  on  people,  even  for  wide  variations  in  environmental  sound  levels  and  time  patterns.  It  is  used  when 
only  the  durations  and  levels  of  sound,  end  not  their  times  of  occurrence  (day  or  night),  are  relevant.  It  is 
easily  measurable  by  available  equipment.  It  also  is  the  basis  of  a  fourth  and  final  measurement  descriptor 
of  the  total  outdoor  noise  environment,  the  Day-Night  Sound  Level  (L<jn). 
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FIGURE  3.  DESCRIPTION  OF  THE  SOUND 
OF  A  SINGLE  EVENT 


Day-Night  Sound  Level 

The  Day-Night  Sound  Level  is  the  A-weighted  equivalent  sound  level  for  a  24-hour  period  with  an  addi- 
tional 10  dB  weighting  imposed  on  the  equivalent  sound  levels  occurring  during  nighttime  hours  (10  pm  to 
7  am).+lence,  an  environment  that  has  a  measured  daytime  equivalent  sound  level  of  60  dB  and  a 
measured  nighttime  equivalent  sound  level  of  50  dB,  can  be  said  to  have  a  weighted  nighttime  sound  level 
of  60  dB  (50  +  10)  and  an  Ldn  of  60  dB.  Examples  of  measured  Ldn  values  are  shown  in  Figure  4.  Table  I 
summarizes  the  use  of  the  four  sound  descriptors  used  by  EPA. 


Table  I.  Descriptors  of  Sound* 


NAME  OF  DESCRIPTOR       NATURE  OF  DESCRIPTOR 


A-weighted  Sound  Level 


The  momentary  magnitude  of  sound 
weighted  to  approximate  the  ear's  fre- 
quency sensitivity. 


A-weighted  Sound  Exposure  A  summation  of  the  energy  of  the  momen- 
Level  tary  magnitudes  of  sound  associated  with 

a  single  event  to  measure  the  total  sound 

energy  of  the  event. 


TYPICAL  USE 

To  describe  steady  airconditioning  sound 
in  a  room  or  measure  maximum  sound 
level  during  a  vehicle  passby  with  a 
simple  sound  level  meter. 

To  describe  noise  from  a  moving  source 
such  as  an  airplane,  train,  or  truck. 


To  measure  average  environmental  noise 
levels  to  which  people  are  exposed. 


To  characterize  average  sound  levels  in 
residential  areas  throughout  the  day  and 
night. 


The  unit  for  all  descriptors  is  the  decibel. 


LEVELS  OF  ENVIRONMENTAL  NOISE  IN  THE  UNITED  STATES 

In  residential  areas  of  the  United  States,  major  contributions  to  outdoor  noise  come  from  transportation, 
industrial,  construction,  human  and  animal  sources.  Inside  homes,  appliances,  radio  and  television,  as  well 
as  people  and  animals,  are  predominant  noise  sources.  On  the  job,  workplace  equipment  can  create 
moderate  to  extremely  high  levels  of  noise.  The  daily  noise  exposure  of  people  depends  on  how  much  time 
they  spend  in  different  outdoor  and  indoor  locations  and  on  the  noise  environments  in  these  places. 
Typical  daily  exposure  patterns  are  discussed  in  this  section,  following  short  descriptions  of  outdoor  and 
indoor  levels  of  environmental  noise  throughout  the  United  States. 


Equivalent  Sound  Level 


Day-Night  Sound  Level 


The  A-weighted  sound  level  that  is  "equi- 
valent" to  an  actual  time  varying  sound 
level,  in  the  sense  that  it  has  the  same 
total  energy  for  the  duration  of  the  sound. 

The  A-weighted  equivalent  sound  level  for 
a  24-hour  period  with  10  decibels  added  to 
nighttime  sounds  (10  pm  -  7  am). 


Outdoor  Levels 

The  noise  environment  outside  residences  in  the  United  States  can  be  highly  variable.  As  seen  in  Figure 
4,  outdoor  Day-Night  Sound  Levels  in  different  areas  vary  over  a  range  of  50  dB.  Levels  occur  as  low  as 
Ldn  =  30  to  40  dB  in  wilderness  areas  and  as  high  as  Ldn  =  85  to  90  dB  in  urban  areas. 

Most  Americans  live  in  areas  with  a  much  smaller  ranger  of  outdoor  noise  levels.  Figure  5  shows  that  for 
urban  dwellers  (roughly  135  million  people,  more  than  half  the  U.S.  population),  87%  live  in  areas  of  Ldn 
=  48  and  higher  from  traffic  noise  alone.  Most  of  the  other  13%  of  the  urban  population  experience  lower 
noise  levels  than  those  of  Figure  5.  Figure  5  also  shows  that  nearly  half  of  the  urban  population  live  in 
areas  exposed  to  traffic  sounds  that  range  over  only  5  dB  (Ldn  =  55  to  60  dB).  Rural  populations  enjoy 
average  outdoor  sound  levels  generally  lower  than  Ldn  =  50  dB. 
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APPENDIX  B 

DESCRIPTION  OF  24-HOUR  NOISE 
MONITORING  PROCEDURE 


The  24-hour  noise  monitoring  program  took  place  from 
8:00  AM  to  16:00  on  August  14,  1979,  and  from  16:00  on  August  15 
to  7:50  on  August  16.   The  monitoring  was  ceased  at  16:00  on 
August  14  due  to  a  loud  siren-type  alarm  sounding  in  the  immediate 
vicinity  of  the  site.   This  caused  uncommonly  high  noise  levels 
for  the  time  period. 

The  1945  GenRad  Noise  Meter  is  capable  of  recording  and 
analyzing  noise  for  three  separate  time  periods  each  time  it  is 
run.   For  this  study,  three  1-hour  periods  were  programmed  for 
each  day-time  run.   At  the  end  of  the  three  hours,  values  were 
recorded  from  a  digital  read-out.   The  meter  was  set  for  a 
fast  response  time. 

During  the  night,  the  meter  was  set  for  three 
runs;  22:10  to  00:10,  00:10  to  6:10  and  6:10  to  7:10. 

The  1945  GenRad  noise  meter  records  16  noise  parameters 
as  shown  on  Table  B-l.   Comments  regarding  specific  noise 
inputs  during  the  monitoring  are  included  on  the  Table. 
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■  on-site  readout  of: 

L  exceedance  levels,  Ldn,  and  L,q 

■  does  not  require  tape  recorders  or  calculators 

■  battery  power  eliminates  ac  line  requirements 

■  low-cost,  optional  weatherproof  microphone  system 

■  weatherproof  security  enclosure  available 

a  analysis  durations  from  10  minutes  to  24  hours 
available 

■  data  inhibit  available 

A  stand-alone  instrument  The  GR  1945  is  designed  to 
satisfy  the  need  for  a  low-cost,  easy  to  use  community 
noise  analyzer,  without  the  need  (or  tape  recorders,  cal 
culators,  or  computers.  It  monitors  noise  levels  for  up  to 
three  sequential  time  periods  having  selectable  durations 
from  30  minutes  to  24  hours,  or  10  minutes  to  8  hours 
(1945  9006),  and  automatically  computes  and  stores  L 
exceedance  levels,  Ld,,  and  Leq  (optional),  for  each  time 
period.  Answers  to  the  computed  levels  are  instantly  avail- 
able at  the  push  of  appropriate  pushbuttons.  The  1945 
displays  the  levels  on  an  easy  to  read  digital  display. 
Sound  level  measurements  of  existing  ambient  levels  can 
aibu  De  made  at  the  push  of  a  button. 


High  reliability  Unlike  electro  mechanical  systems 
that  use  a  tape  recorder  for  data  storage,  the  1945's 
functions  are  completely  electronic.  It  does  not  have  mov- 
ing mechanical  parts  that  are  prone  to  wear  out  and 
which  may  malfunction  in  environmental  extremes  In  ad 
dition,  the  concern  of  proper  recording  on  expensive  cerii 
tied  tapes  during  widely  fluctuating  temperature  extremes 
is  eliminated. 

The  1945  has  a  100-dB  dynamic  range  to  ensure  that 
data  will  not  be  lost  during  wide  variations  in  noise  levels 
This  capability,  plus  the  completely  automatic  electronic 
operation  of  the  194  5.  contributes  to  the  high  reliability 
of  its  answers. 

Economy  and  ease  of  use  When  you  buy  the  1945  and 
the  microphone  of  your  choice,  you  are  ready  to  begin 
measuring  and  analyzing  noise  without  further  equip- 
ment expense  There  is  no  need  to  purchase  a  program- 
mable calculator,  a  computer,  or  expensive  certified  tape 
cassettes  You  need  only  select  the  measurement  site  and 
follow  the  simple  steps  summarized  in  the  instruction 
manual. 
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Security  and   Environmental  Protection      For  optimum 
I'r.iorr:  •  ■-,    -.-M  r,r,4er.vr   rj  •>-*.   j  945   at   L.na^er.ded 
'""■''  iri-rrn     ;    locations    a   weatherproof  microphone  sys 
;  t)  an.-  wciV-.e' ptool  enclosure  are  oftere.1  as  accesso-ies 
The  1945  9730  Weatherproof  Microphone  System  is  a 
complete  weatherproof  system  for  outdoor  noise  monitor- 
ing   It   is  designer!  to  protect   its  intep.ml   1560  P42  Pre 
amplifier  and  a  microphone  (not  included)  in  an  outdoor 
environment     The   windscreen    system    provided   protects 
the  microphone  from  damage  and  reduces  the  effect  of 
wind  on  the  noise  measurement    A  GR  electretcondenser 
or  ceramic  microphone  should  be  used  with  this  system 
(see  Specifications  section) 

The  19459640  Weatherproof  Enclosure  provides  a 
weatherproof  and  vandal  resistant  shelter  for  the  1945 
analyzer  It  is  supplied  with  a  bracket  for  mounting  to  a 
pole  or  buildinp  and  a  base  for  free  standing  operation. 
The  enclosure  is  fabricated  from  heavy  gauge  aluminum 
and  has  a  tumbler  lock  tor  security. 

SPECIFICATIONS 


Sensitivity  Range:  Microphone  input  can  be  directly  calibrated 
with  microphone-preamplifier  combinations  having  sensitivity 
ut        35   to       45   dB    re    1    V/N/nr    (     55   to       65   dB   re    1 
V/„bar)        AUX    INPUT     (For    use    with    1935    Cassette   Re 
■  on  lei )  0  5  V  mis  corresponds  to  120  dB 

Maximum  Detected  Level:   J  ?0  dB  rms,   provides  14  dB  crest 
f.ictor. 

Minimum  Detected  Level:  5  dB  above  typical  noise  floor 
usinfi  1972-9600  oi  1560-P42  Preamplifier  with  indicated 
microphone  as  follows: 


A 

27  dB 
23  dB 
25  dB 
27  dB 


C 

30  dB 
26  dB 

25  dB 

26  dB 


FLAT 

40  dB 
38  dB 
29  dB 
29  dB 


Microphone  input  with 

GR  1962  Microphone 
GR  1961  Microphone 
GR  1971  Microphone 
AUX  Input 

Input  Impedance:  20  k!: 

Maximum  Safe  Input  Voltage:  •  15  V  peak  ac,  35  V  dc 
Weighting:  A,  C,  or  FLAT  selected  by  front  panel  slide  switch 
A  and  C  per  ANSI  SI. 4-1971  Type  1  and  IEC  179-1973 
FLAT  response  ,0.5.  3  dB  10  Hz  to  25  kHz  re  1  kHz 
D  weighting  optionally  available,  consult  factory. 
Detector:  True  rms  with  14  dB  crest-factor  capacity  at  120 
dB  level  FAST  or  SLOW  dynamic  detection  characteristic 
per  ANSI  S1.4  1971  Type  1  and  IEC  179-1973  selected  by 
front  panel  slide  switch. 

Statistical  Analysis:  RESOLUTION:  1  dB  LINEARITY-  0  25 
dB  ANALYSIS  DURATION:  Selected  by  front  panel  switch- 
choices  listed  below  NUMBER  OF  SAMPLES:  Function  of 
analysis  duration  as  follows: 

Analysis  Duration  Number  of  Samples 

4.  6.  8,  12  or  24  hours  65528 

2  or  3  hours  32764 

I  hour  16382 

■<-  hour  8191 

NUMBER  OF  ANALYSES.  One,  two  or  three  independent  con- 
secutive analyses  may  be  selected.  L„  ANALYSIS:  When 
the  1945  is  supplied  with  L„  option,  each  sample  is  also 
used  to  compute  L.„  the  equivalent  continuous  level  over  the 
analysis  per.od.  or  L*  on  a  24-hour  run.  L.  is  identical  to  L, 
except  that  a  10-dB  penalty  is  added  to  all  levels  from  10  00 
p  in.  to  7:00  a.m.  L„  may  be  enabled  on  24  h  run  by  chang 
ing  internal  jumper  prior  to  analysis.  ANALYSIS  TIMING 
Start  of  first  analysis  may  be  delayed  up  to  24  hours  from 
initial  set  up  by  use  of  internal  clock 
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Display:  LEVEL  dB:  Current  sound  level  may  be  displayed 
digitally  with  1-dB  resolution  before,  during  or  after  analysis. 
It  is  updated  every  0  22  second  EXCEEDANCE  LEVELS: 
After  analysis  is  complete,  desired  exceedance  levels  are 
pushbutton  selected.  The  following  exceedance  levels  are 
available:  L...  L,  U  Li,  L„,  L„,  U,  U.  U.  U...,  U...  Also 
selectable  are  L,,,,  L,«,  L,.u,  L»n,  corresponding  to  HUD  Cir- 
cular 1390.2  requirements  of  level  exceeded  8  hours  of  24,  1 
hour  of  24,  >/2  hour  of  24  and  '/2  hour  of  8  hours.  EQUIV- 
ALENT CONTINUOUS  LEVEL:  After  analysis  is  complete,  L„ 
(or  L»)  is  selected  by  pushbutton   See  "L,  Analysis"  above. 

Data  Output  (electrical):  Remote  output  connector  provides 
the  following:  DC  OUTPUT:  4  8  V  dc  behind  5  kf:  corre 
sponds  to  120-dB  level,  output  linear  at  40  mv/dB  over  an 
80  to  98-dB  dynamic  range  (limited  only  by  internal  noise 
for  microphone  and  weighting  selected).  DIGITAL:  Cumula- 
tive distribution,  with  1-dB  resolution,  available  in  serial  form 
with  clocks  for  decoding.  Signals  to  identify  analysis  com- 
plete and  selected  memory  are  provided  All  digital  signals 
are  buffered  CMOS  outputs.  =8  V  logic  levels  FXTERNAL 
POWER:  Input  from  external  battery  or  power  supply  at  815 
V,  70  mA  max,  allows  extended  operating  penods  Input  has 
polarity  reversal  protection. 


Environmental:  TEMPERATURE:  10  to  i  60°C  operating, 
-40  to  •  55rC  storage  (batteries  installed),  40  to  ■)  75°C 
storage  (batteries  removed)  HUMIDITY:  0  to  90%  RH 
operating.      VIBRATION:  0.030"  excursion  10-55  Hz. 

Supolied:  Screwdriver  to  adjust  microphone  CAL  pot,  two  bat- 
tery packs,  8  alkaline  "D"  cells,  plug  for  microphone  input, 
cable  for  remote  output  connector,  instruction  sheet. 
Available:  1945-9640  Weatherproof  Enclosure,  1945-9730 
Weatherproof  Microphone  System,  for  outdoor  use.  Preampli- 
fier, electret-condenser  and  ceramic  microphones,  cables  and 
windscreens  also  available. 

Power:  8  "D"  cells  provide  75  hours'  continuous  operation 
or  permit  24  hours'  running  time  and  1  week  of  idling  mem 
ory  contents  at  25°C. 

Mechanical:  DIMENSIONS  (wxhxd):  Models  1945  9700  and 
•9710:  8.5x10.75x9.38  in.  (216x273x238  mm)  WEIGHT: 
Model  1945  9700:  16.5  lb  (7.5  kg)  net*  model  1945-9710: 
15  5  lb  (7.1  kg)  net. 


t'l' 


362  Winch  electi 

pndenser 

nicrophone 

lequency:   Curves  show  typical 
r;ponse  and  guaranteed  limits; 
[dividual  response  curve  sup- 
lied  with  each  microphone. 
How  20  Hz,  the  microphone 
i typically  flat  *  1  dB  down  to 
'i  Hz  relative  to  1  kHz  level. 
Iicrophor.e  is  essentially  omni 
crectional. 

Jnsitivity  Level:    Nominal:  -40 
dire  1  V/Pa  (-60  dB  re  1  V/V 
tr).  Temperature  Coefficient: 
11.01 0  dBA  C  typically  from  -20 
1 +55°C  at  1  kHz.    Maximum 
Sund-Pressure  Level:    170  dB 
i  20  uPa  absolute  max. 

Iipedance:   Nominal  25  pF  at 
:i°Cand  1  kHz. 

Iwironment:  -40  to  +60J  C 
cd  0  to  99%  RH  operating;  1 
yar  exposure  in  an  environment 


I 


gf  +55  C  and  90%  R  H  causes 
negligible  sensitivity  change. 

Mechanical:   Terminals:    Coaxial, 
with  0.460-60  thread.    Dimen 


sions:    0.500  ±0.001  in.  dia  x 
0.615  in.  long  (12.70  ±0.0254x 
15.62  mm).  Weight:    0.25  oz. 
(7  g)  net,  1  lb  (450  g)  shipping 


Typical  performance 
with  1560-P42  and  1972  9600  Preamplifier*  (Unity  Gain) 


Microphone 

1962-9610 
1962  9611 


Frequency 
Rjnge 


"System 
Sensitivity 
re  1  V/Pa 


Dynamic 

Range" 
re  20nPa 


15  Hz  to  19  kHz              -40  dB  30to145dB 

15  Hz  to  24  kHz        I       -40  dB  30  to  145  dB 

•  A  weighted  noise  level  to  maximum  rms  sinewave  signal  without  clipping 
"Description         ~ Catalog  Numhei 


1962  Elactrat-Condennr  Microphones 

Flat  random-incidence  response.  Vj-inch 

Flat  perpendicular-incidence  response,  Vi-inch 


I 


1962  9610 
1962  9611 


•       For  electret-condenser,  air 
condenser,  and  ceramic 
microphones  and  vibration 
pickups 

The  1060  P42  Preamplifier  is  a 
high  input  impedance,  low-noise 
(((•amplifier.    It  is  particularly  well 
Mined  for  amplification  of  the 


output  of  capacitive  sources,  such 
as  electret-condenser,  air-conden 
ser,  and  ceramic  microphones  and 
piezoelectric  vibration  pickups. 
It  is  an  excellent  choice  for  use 
with  GR  sound  level  meters  and 
analyzers  when  a  long  cable  must 
be  used  between  the  microphone 
and  the  instrument.    It  is 


j  also  a  useful  probe  amplifier 

I  for  other  electrical  signals  where 

]  high  input  impedance  and  low 

I  noise  are  necessary.    For  ex 

;  ample,  it  can  increase  the  sensi- 

]  tivity  and  input  impedance  of 

|  analyzers,  recorders,  amplifiers, 

I  null  detectors,  counters,  frequency 


i 


1  "i  E.ectfei  Ctmurnu" 
1961  9610   19b'  96'! 


1  ?.|     I  -.  ■.*'  ton*"! 
196.-'9()'r.   196?  *;n 


''ea- :    iliei  Adto'c 
1977  9600 


'^60  P*7 


meters,  voltmeters,  and  oscillo 
scopes.   Output  from  the  pream- 
plifier is  through  a  removable 
3-wire  shielded  cable  and  the 
required  dc  supply  voltage  is  ap 
plied  from  one  of  the  wires  to 
ground. 

CONDENSED  SPECIFICATIONS 

Gain:    1:1  or  10:1  (20  dB)  '0.3 
dB  at  25c  C,  slide  switch  con 
troi.eu,  -    0.3-dB  gain  change, 
from  that  at  25  C,  from  -30  to 
+65°  C. 


Frequency  Response  (at  1  V  rms 

i    open  circuit  output  behind  600  ft, 
-30  to  +55°  C): 


3  Hi 


5  Hz 


20  Hz 


100  kHz 


300  kHz 


500  kHz 


1   1  Gain 


'3dB 


■  1  dB 


?0.25dB 


•1  dB 


10  1  Gain 


-3  dB 


•  1  5  dB 


•  0  3dB 


•2  dB 


Impedance:    Input:  *  2  Gft  in 
parallel  with  <6  pF;  driven 
shield  reduces  input  capacitance 
loading  for  condenser  micro- 
phones.   Output:    -15  12  in 
series  with  3.3  pF. 

Mechanical:   Dimensions  (less 
cable):   6.75  in.  (170  mm)  long 
x  0.5  in.  (13  mm)  dia.  Weight 
(with  cable):    1  lb  (0.5  kg) 
net,  3  lb  (1.4  kg)  shipping. 


Description 


1560P42PrMmplifwr 


Cataloq 
Number 


1560  9642 


GenRad's  1987  Minical  Sound- 
Level  Calibrator  is  ideal  for  rou- 
tine sensitivity  checks  It  produces 
a  1000-Hz  signal  at  levels  of  94 
and  114  dB  and  can  be  used  with 
all  the  measurement  micro- 
phones listed  for  the  OmnicaL 
Small  enough  to  fit  in  the  palm  of 
your  hand  the  Minical  incorpo- 
rates the  same  design  features 
for  accuracy  and  stability  as 
those  noted  for  the  1986. 

GenRad's  1987  Minical  Sound- 
Level  Calibrator  is  designed  for 
quick  daily  checks  of  sound-level 
meters  and  other  acoustic 
instruments  where  calibration 
should  be  verified  before  and 
after  measurements. 
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HOUSING  AND  URBAN 
DEVELOPMENT  ' 

24  CFR  Part  51 

(Docket  No.  R-79-595] 

Environmental  Criteria  and  Standards 

agency:  Department  of  Housing  and 
Urban  Development. 
action:  Final  rule. 


SUMMARY:  This  final  rule  adds  a  new 
Part  51,  Environmental  Criteria  and 
Standards  to  Title  24  of  the  CFR.  The 
rule  sets  forth  Subparts  A  and  B 
covering  General  Provisions  and  Noise 
Abatement  and  Control  respectively. 
EFFECTIVE  date:  August  13,  1979. 
FOfl  FURTHER  INFORMATION  CONTACT: 
James  F.  Miller  or  Gretchen  Van  Hyning, 
•Office  of  Environmental  Quality.  Room 
7266.  U.S.  Department  of  Housing  and 
Urban  Development,  451  7th  Street,  SW., 
Washington.  20410  D.C.  (202)  755-6909 
(this  is  not  a  toll-free  number). 

SUPPLEMENTAL  INFORMATION:  A  Notice 
of  Proposed  Rulemaking  was  published 
on  December  27,  1978  (43  FR  60396] 
indicating  that  HUD  proposed  to  add  a 
new  Part  51.  Environmental  Criteria  and 
Standards,  to  Title  24  of  the  CFR.  The 
proposed  rule  would  include  Subpart  A, 
General  Provisions,  and  Subpart  B, 
Noise  Abatement  and  Control.  The 
Notice  invited  public  comment  until 
January  26, 1979. 

Subpart  B  establishes  Departmental 
standards,  requirements,  and  guidelines 
on  noise  abatement  and  control, 
replacing  and  revising  the  noise  policies, 
standards  and  procedures  previously  set 
forth  in  HUD  Circular  1390.2.  which  is 
cancelled  when  this  final  rule  becomes  - 
effective. 

Subpart  B  converts  the  existing  noise 
policy  to  regulation  format  and  makes 
revision  and  improvements  intended  to 
make  the  policy  more  flexible  and 
consistent  with  other  Federal  agencies' 
noise  programs.  Revisions  to  the  current 
policy  (1)  bring  into  conformity,  through 
the  use  of  the  day-night  average  sound 
level,  separate  standards  and 
measurements  for  aircraft  and  non- 
aircraft  noise;  (2)  afford  Field  Offices 
more  flexibility  in  implementing  the 
"policy  thus  reducing  the  number  of  cases 
having  to  come  into  the  Region  and 
Headquarters  Offices;  (3)  remove  the 
dual  exterior  and  interior  standards, 
hence,  if  exterior  noise  levels  are  found 
tote  acceptable,  the  interior  noise  will 
be  considered  acceptable  using  normal 
building  techniques;  and  (4)  allow  easy 
use  of  already  existing  data,  particularly 


from  FHWA  and  DOD.  The  standards 
apply  primarily  to  HUD  support  for  new 
residential  construction  in  certain  noise 
zones— as  does  the  existing  policy.         : 

Overall,  the  comments  indicated 
strong  support  for  the  revisions  to  the   . 
noise  policy,  particularly  the  use  of  the 
day-night  average  sound  level  descriptor 
and  the  acceptability  thresholds  used  by 
the  Department.  The  one  topic  which 
generated  substantial  discussion  and  a — 
divergence  of  opinion  was  the 
methodology  for  describing  "loud 
implusive  sounds." 

The  following  discussion  summarizes 
the  significant  comments  and  the 
changes  that  were  made  in  the  final  rule. 

1 .  Use  of  the  Day-Night  A  verage     ■ 
Sound  Level  (DNL)  to  Describe  Noise. — 
Of  the  18  responses,  15  commented  on 
the  proposed  noise  descriptor.  Only  two 
ofthese  expressed  reservations  (one 
Federal  agency  and  one  industry  group) 
about  use  of  the  day-night  average  '•, 
sound  level;  these  two  comments  were 
directed  to  use  of  a  nighttime  penalty  in 
DNL.  Both  parties  recommended 
substituting  a  computer  based  model 
which  itself,  among  other  things, 
incorporates  a  nighttime  penalty.  The 

same  agency  has  also  issued  advisory 

materials  containing  noise  metrics 
which  include  the  nighttime  correction. 

The  proposed  methodology  for 
■  describing  noise  has  been  widely  used 
to  relate  individual  and  community 
reaction  to  aircraft  and  road  traffic 
noise,  to  predict  the  likelihood  and  the 
severity  of  interference  with  speech  and 
sleep,  and  to  correlateJiearing  loss  with 
noise  exposure.  The  simple  concept  of 
average  sound  level  must  be  somewhat 
refined  to  account  for  the  fact, 
documented  by  most  community 
response  and  public  opinion  surveys, 
that  the  same  noise  level  is  considered 
more  disturbing  or  annoying  daring  the 
nighttime  than  during  daytime.  Not  only 
do  the  requirements  for  undisturbed 
sleep  and  relaxation  make  a  lower  --• 
nighttime  noise  level  desirable,  but  the 
exterior  background  noise  level  in  most 
communities  drops  during  the  night  by 
10  dB  or  more  and  reduced  activity 
inside  homes  contributes  to  a  general 
lowering  of  interior  noise  levels. 
Consequently,  intrusive  noises  are  more 
disturbing  during  the  night.  To  assess 
nighttime  noise  events  in  a  way  that 
accounts  for  their  increased  potential  for 
qausing  disturbances  a  weighting  factor 
of  10  dB  is -applied 'to  all  nighttime 
noises;  i.e.,  nighttime  noises  are  treated 
as  if  they  were  10  dB  noiser  than  they- 
actually  are.  The  need  for  a  nighttime 
correction  has  also_received 
international  concensus  through  the 


International  Organization  for    ,  ' 
Standardization  {ISO). 
.  In  "view  of  the  acceptance  and  suppc 
for  the  DNL  descriptor.  HUD  is 
publishing  the  final  rule  using  the  DNL 
with  the  nighttime  correction  for 
application  of  the  standards. 

2.  Proposed  Standards. — Most  . 
responses  indicated  the  appropriatene 
of  the  general  goals  and  levels  proposi 

_  by  HUD.  Two  responses  however 
indicated  concern  that  noise  transmitt 
within  multifamily  dwellings  was  not 
addressed.  This  problem  is  however 
covered  in  Section  51.101(a)(10);  the 
relevant  reference  to  the  Minimum 

'  Property  Standards  for  Multifamily 
Housing  is  Section  404  on  Acoustic 
Control. 

Several  comments  related  to 
conversion  of  existing  data  to  DNL.  Thr 
conversion  factors  have  been  clarified: 
the  final  rule  and  the  conversion 
indicates  the  measures  "are 
approximately  equal  to"  rather  than  th 
same.  In  the  final  rule  one  descriptor  fci 
aircraft  noise  was  added — (Community 
Noise  Equivalent  Level,  used  in 
California)  and  one  was  deleted 
(Composite  Noise  Rating).  The 
Composite  Noise  Rating  methodology 

-  was  developed  in  the  early  1960's  and  i 
subject  to  error  and  is  used  only 
infrequently  and  therefore  it  has  been 
dropped  from  the  final  rule  (see  Section) 
51.106).  . 

Conversion  of  highway  levels  (Sectioi 
51.106)  to  DNL  is  discussed  in  the 
"National  Cooperative  Highway 
Research  Program  Report  No.  173  on 
"Highway  Noise  Generation  and 
Control,"  published  by  the 
Transportation  Research  Board  in  1976. 
V  3.  Analysis  of  Loud  Impulsive 
Sounds. — Five  responses  were  directed 
to  the  methodology  for  calculating  "loud 
impulsive  sounds."  The  method  for 
characterizing  noise  from  explosions  or 
sonic  booms  proposed  by~HUD  in 
Section  103(b)  is  consistent  with  the 

-  interim  procedures  of  the  Department  of 
Defense.  HUD  recognizes  that  the 
subject  is  currently  undergoing  technical 
debate,  but  no  alternative  has  emerged 
upon  wrtich  the  technical  community 
has  agreed.. This  method  is  likely  to  be 
applied  mostly  in  rare  instances  where 
sites  are  proposed  in  the  vicinity  of 
artillery  firing  ranges  or  other  similar 

"  activities.  In  view  of  the  current  debate 
the  final  rule  has  been  amended,  in  the 
text  and  in  the  Appendix,  to  emphasize 
that  this  methodology  is  to  be  used  on 
an  interim  basis.  When  a  final 
procedure  is  adopted  by  all  the 
concerned  Federal  agencies.  HUD's  rule 
will  be  changed  to  incorporate  the 
agreed  upon  methodology. 
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4.  Noise  Attenuation. — It  was 
:„0(recommended  by  one  reviewer  that    - 

•noise  attenuation  be  expressed  in  terms 
l\r[iof  total  Bound  attenuation  rather  than 
the  requirement  for  attenuation 
measures  in  addition  to  the  attenuation 
provided  by  housing  as  commonly 
constructed  in  the  area.  The  results  are 
essentially  the  same  and  both 
approaches  have  been  considered.  It 
was  determined  that  the  suggested 
approach  by  the  reviewer  may  overstate 
the  requirements  while  HUD's  policy  is 
to  state  minimum  requirements  to 
provide  adequate  protection  at  minimum 
cost.  The  final  rule  was  changed  to 
indicate  that  the  additional  noise  . 
attenuation  measures  are  minimum 
requirements. 

5.  Other  Comments. — Several 
reviewers  provided  editorial  and 
technical  corrections  which  have  been 
included  in  the  final  rule.  Some 
comments  were  not  relevant  to  the 
specific  rule,  while  other  suggested  that 
the  Department  prepare  documents 
setting  forth  the  rationale  for  the  HUD  . 
standards  and  provide  guidance  to  local 
governments.  This  work  is  underway, 
and  a  revised  "'Noise  Assessment 
Guidelines"  document  should  be 
available  by  the  time  the  rule  becomes 
effective.  A  technical  background  report 
on  the  policy  is  also  in  preparation  and 
will  be  available  at  a  later  date.  Two 
reviewers  also  suggested  that  HUD 
develop  a  procedure  for  notifying 
purchasers  of  existing  properties  if  noise 
levels  exceed  those  of  the  established 
regulation.  HUD  does  consider  noise  as 
a  marketability  factor  in  Section 
51.i01(a)(4)  in  determining  the  amount  of 
insurance  or  other  assistance  that  may 
be  given  but  does  not  propose  to  include 
a  specific  additional  notification 
procedure  in  the  appraisal  process. 

Some  reviewers  suggested  that  HUD 
take  a  major  role  in  Federal  efforts  to 
control  noise.  HUD  is  cooperating  with 
the  EPA,  DOT  and  DOD  in  interagency 
noise  programs;  these  other  agencies 
have  responsibility  for  controlling  noise 
at  the  source.  HUD's  regulations  are 
necessarily  limited  to  programs 
administered  by  the  Department; 
however,  the  standards  and  guidance 
material  should  assist  local 
governmental  agencies  and  others  in 
formulating  policies  to  achieve  quieter 
urban  environments. 

other  information:  A  Finding  of 
Inapplicability  with  regard  to 
Environmental  Impact  has  been 
prepared  in  accordance  with  HUD's 
environmental  procedures.  Copies  of  the 
statement  and  findings  are  available  for 
inspection  and  copying  in  the  Office  of 


the  Rules  Docket  Clerk,  Room  521B, 
Department  of  Housing  and  Urban 
Development,  451  7th  Street,  S.W., 
Washington,  D.C.  20410. 

Accordingly,  Title  24  of  the  CFR  is 
amended  by  adding  a  new  Part  51  to     . 
read  as  follows:     -  ■'.  i 

PART  51— ENVIRONMENTAL 
CRITERIA  AND  STANDARDS 

Subpart  A — General  Provisions 

51.1  Purpose. 

51.2  Authority. 

51.3  Responsibilities. 

51.4  Program  coverage.        "- 

51.5  Coordination  with  environmental 
clearance  requirements. 

51.6  [Reserved]  , 

Subpart  B— Noise  Abatement  and  Control 

51.100  Purpose  and  authority. 

51.101  General  policy. 

51.102  Responsibilities. 

51.103  Criteria  and  standards. 

51.104  Special  requirements. 

51  105  Exceptions.  ' 

51.106  Implementation. 

Appendix 

Authority:  Sec.  7(d).  Department  of  HUD 
Act  (42  U.S.C  3535(d)).  • 

Subpart  A — General  Provisions 

§51.1     Purpose. 

The  Department  of  Housing  and 
Urban  Development  is  providing 
program  Assistant  Secretaries  and 
administrators  and  field  offices  with 
environmental  standards,  criteria  and 
guidelines  for  determining  project   . 
acceptability  and  necessary  mitigating 
measures  to  insure  that  activities 
assisted  by  the  Department  achieve  the 
goal  of  a  suitable  living  environment. 

$51.2    Authority. 

This  Part  implements  the 
Department's  responsibilities  under  the 
following  statutes: 

(a)  The  National  Housing  Act  of  1934 
(Pub.  L.  73-479)  which  was  enacted  "to 
encourage  improvements  in  housing 
standards  and  conditions,  to  provide  a 
system  of  mutual  mortgage  insurance, 
and  for  other  purposes,"  thus  providing 
the  basis  for  HUD's  Minimum  Property 
Standards  (MPS)  which  have  evolved  as 
required  by  legislation  over  the  past  44 
years. 

(b)  The  Housing  Act  af  1949  (Pub.  L. 
•1-171)  which  sets  ferth  the  national 
goal  sf  "a  decent  heme  and  a  suitable 
living  envirenment  far  every  American 
family,"  affirmed  by  the  Heusinj  and 
Urban  Develepme'nt  Act  of  1968  (Pub.  L 
96-448). 

(c)  The  Department  ef  Hausing  and 
Urban  Development  Act  af  1965  (Pub.  L. 


89-174)  which  provides  that  the 
Secretary  may  make  such  rules  and 
regulations  as  may  be  necessary  to 
carry  out  functions,  powers,  and  duties, 
and  sets  forth,  as  a  matter  of  national 
purpose,  the  sound  development  of  the 
Nation's  communities  and  metropolitan 
areas. 

(d)  The  National  Environmental  Policy 
Act  of  1969  (Pub.  L  91-190)  which 
directs  Federal  agencies  to  develop 
procedures  to  carry  out  the  purposes  of- 
the  Act. 

(e)  Intergovernmental  Cooperation 
Act  of  1968  (Pub.  L.  90-577)  which,  under 
Title  IV,  directs  that  Federal  programs 
and  projects  serve  the  objectives  of 
appropriate  land  use  for  housing, 
commercial,  industrial,  governmental,     • 
institutional,  and  other  purposes  to 
achieve  sound  and  orderly  development 
of  all  areas,  both  urban  and  rural._ 

§  51.3     Responsibilities. 

(a)  Assistant  Secretary  for 
Community  Planning  and  Development. 
The  Assistant  Secretary  for  Community 
Planning  and  Development  shall  be 
responsible  for  administering 
environmental  regulations,  and  shall 
provide  oversight,  interpretation  and 
guidance,  and  shall  update  the 
regulations  as  required.  The  Assistant 
Secretary  shall  also  maintain  liaison 
with  other  Federal  agencies  on  matters 
of  environmental  policy  implementation. 

(b)  Assistant  Secretary  for  Policy 
Development  and  Research.  The 
Assistant  Secretary  for  Policy 
Development  and  Research  shall 
undertake  research  and  demonstration 
studies  necessary  for  the  technical 
development  of  environmental 
standards,  criteria,  and  implementing 
techniques  as  a  basis  for  the 
development  and  implementation  of 
environmental  regulations.  The 
Assistant  Secretary  shall  also  maintain 
liaison  with  Federal  agencies  on  related 
technical  matters. 

(c)  Other  Assistant  Secretaries, 
Administrators,  and  the  General 
Counsel.  Other  Assistant  Secretaries, 
Administrators,  and  the  General 
Counsel  shall: 

(1)  Incorporate  adopted 
environmental  regulations  by  reference 
into  program  regulations,  guidance 
documents,  and  administrative  forms 

"and  procedures; 

(2)  Evaluate  the  effects  of,  and 
compliance  with  Departmental 
environmental  regulations  policy  and 
report  significant  issues  and  problems  to 
the  Assistant  Secretary  for  Community 
Planning  and  Development;  and 

(3)  Identify  program  areas  under  their 
jurisdiction  in  which  additional 
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environmental  regulations  are  needed, 
and  refer  them  to  the  Assistant 
Secretary  for  Community  Planning  and 
Development.  - 

(d)  Regional  Administrators,  Area 
Office  Managers  and  Service  Office 
Supervisors  Regional  Administrators, 
Area  Office  Managers  and  Service 
Office  Supervisors  shall  assure  that 
adopted  environmental  regulations  are 
implemented  in  relation  to  program 
decisions  and  recommendations.  They 
shall  also  monitor  projects  to  assure  that 
mitigation  measures  are  implemented. 

§  51.4     Program  coverage. 

Environmental  standards  shall  apply 
to  all  HUD  actions  except  where  special 
provisions  and  exemptions  are 
contained  in  each  Subpart. 

§  51.5    Coordination  with  environmental 
clearance  requirements. 

Environmental  standards  shall  be 
implemented  prior  to  commitment  in  the 
decision-making  process  and,  where 
environmental  clearances  are  required, 
the  decision  points  shall  be  identical. 
Compliance  with  HUD  environmental 
standards  shall  be  addressed  in  the 
environmental  clearance  process. 

§51.6    (Reserved] 

Subpart  B— Noise  Abatement  and 
Control 

§51.100     Purpose  and  authority. 

(a)  Purpose.  The  Department  of 
Housing  and  Urban  Development  finds 
that  noise  is  a  major  source  of 
environmental  pollution  which 
represents  a  threat  to.  the  serenity  and 
quality  of  life  in  population  centers  and 
that  noise  exposure  may  be  a  cause  of 
adverse  physiological  and  psychological 
effects  as  well  as  economic  losses. 
It  is  the  purpose  of  this  Subpart  to: 
(II  Call  attention  to  the  threat  of  noise 
pollution; 

(2)  Encourage  the  control  of  noise  at 
its  source  in  cooperation  with  other 
Federal  departments  and  agencies; 

(3)  Encourage  land  use  patterns  for 
housing  and  other  noise  sensitive  urban 
needs  that  will  provide  a  suitable 
separation  between  them  and  major 
noise  sources; 

(4|  Generally  prohibit  HUD  support 
for  new  construction  of  noise  sensitive 
uses  on  sites  having  unacceptable  noise 
exposure; 

(5)  Provide  policy  on  the  use  of 
structural  and  other  noise  attenuation 
measures  where  needed;  and 

(6)  Provide  policy  to  guide 
implementation  of  various  HUD 
programs. 


(b)  Authority.  Specific  authorities  for 
noise  abatement  and  control  are 
contained  in: 

(1)  The  Noise  Control  Act  of  1972 
(Pub.  L  92-574)  which  directs  Federal 
agencies  to  administer  their  programs  in 
ways  which  reduce  noise  pollution. 

(2)  The  Quiet  Communities  Act  of  1978 
(Pub.  L  95-609)  which  amended  Pub.  L. 
92-574.  '  ' 

(3)  The  General  Services 
Administration,  Federal  Management 
Circular  75-2:  Compatible  Land  Uses  at 
Federal  Airfields  prescribes  the 
Executive  Branch's  general  policy  with 
respect  to  achieving  compatible  land        ' 
uses  on  either  public  or  privately  owned 
property  at  or  in  the  vicinity  of  Federal 
airfields.     , 

(4)  Section  1113  of  the  Housing  and 
Urban  Development  Act  of  1965  (Pub.  L. 

89-117)  directs  the  Secretary to 

determine  feasible  methods  of  reducing 
the  economic  loss  and  hardships 
suffered  by  homeowners  as  a  result  of 
the  depreciation  in  the  value  of  their 
properties  following  the  construction  of 
airports  in  the  vicinity  of  their  homes, 
including  a  study  of  feasible  methods  of 
insulating  such  homes  from  the  noise  of 
aircraft." 

§51.101     General  policy. 

(a)  It  is  HUD's  general  policy  to 
provide  minimum  national  standards 
applicable  to  HUD  programs  to  protect 
citizens  against  excessive  noise  in  their 
communities  and  places  of  residence. 

(1)  Comprehensive  planning 
assistance.  HUD  requires  that  gTantees 
give  adequate  consideration  to  noise 
exposures  and  sources  of  noise  as  an 
integral  part  of  the  urban  environment  in 
HUD  assisted  comprehensive  planning, 
as  follows: 

(i)  Particular  emphasis  shall  be  placed 
on  the  importance  of  compatible  land 
use  planning  in  relation  to  airports, 
highways  and  other  sources  of  high 
noise. 

(ii)  Applicants  shall  take  into  - 
consideration  HUD  environmental 
standards  impacting  the  use  of  land  as 
required  in  24  CFR  Part  600. 

(iii)  Environmental  studies,  including 
noise  assessments,  are  allowable  costs. 

(2)  Community  Development  Block 
Grants.  Recipients  of  community 
development  block  grants  under  the 
Housing  and  Community  Development 
Act  of  1974  (Pub.  L  93-383),  as  amended 
by  the  Housing  and  Community 
Development  Act  of  1977  (Pub.  L  95- 
128),  must  take  into  consideration  the 
noise  criteria  and  standards  in  the 
environmental  review  process  and 
consider  ameliorative  actions  when 
noise  sensitive  land  development  is     '  ■ 


proposed  in  noise  exposed  areas.  Grant 
recipients  shall  address  deviations  from 
the  standards  in  their  environmental 
reviews  as  required  in  24  CFR  Part  58. 

Where  CDBG  activities  are  planned  in 
a  noisy  area,  and  HUD  assistance  is 
contemplated  later  for  housing  and/or 
other  noise  sensitive  activities,  the      ' — 
CDBG  grantee  risks  denial  of  the  HUD 
assistance  unless  the  HUD  standards 
are  met.  Environmental  studies, 
including  noise  assessments,  are 
allowable  costs.     •"-.'.-    •         •.    , 

(3)  HUD  support  for  new  construction. 
HUD  assistance  for  the  construction  of 
new  noise  sensitive  uses  is  prohibited 
generally  for  projects  with  Unacceptable 
noise  exposures  and  is  discouraged  for 
projects  with  Normally  Unacceptable 
noise  exposure.  (Standards  of    - 
acceptability  are  contained  in-" 

S  51.103(c).)  This  policy  applies  to  all 
HUD  programs  providing  assistance, 
subsidy  or  insurance  for  housing,  college 
housing,  mobile  home  parks,  nursing 
homes,  hospitals,  and  all  programs 
providing  assistance  or  insurance  for 
•land  development,  new  communities, 
redevelopment  or  any  other  provision  of 
facilities  and  services  which  are 
directed  to  making'land  available  for 
housing  or  noise  sensitive  development. 
The  policy  does  not  apply  to  research 
demonstration  projects  which  do  not 
result  in  new  construction  or 
reconstruction,  flood  insurance, 
interstate  land  sales  registration,  or  any 
action  or  emergency  assistance  under 
disaster  assistance  programs  which  are 
provided  to  save  lives,  protect  property, 
protect  public  health  and  safety,  remove 
debris  and  wreckage,  or  assistance 
provided  that  has  the  effect  of  restoring 
facilities  substantially  as  they  existed 
prior  to  the  disaster. 

(4 )  HUD  support  for  ex  is  ting    ■ 
construction.  Noise  exposure  by  itself 
will  not  result  in  the  denial  of  HUD 
support  for  the  resale  and  purchase  of 
otherwise  acceptable  existing  buildings. 
However,  environmental  noise  is  a 
marketability  factor  which  HUD  will 
consider  in  determining  the  amount  of 
insurance  or  other  assistance  that  may 
be  given. 

(5)  HUD  support  of  modernization  and 
rehabilitation.FoT  modernization 
projects  located  in  all  noise  exposed  • 
areas,  HUD  shall  encourage  noise 
attenuation  features  in  alterations.  For 
major  or  substantial  rehabilitation 
projects  in  the  Normally  Unacceptable 
and  Unacceptable  noise  zones,  HUD 
actively  shall  seek  to  have  project 
sponsors  incorporate  noise  attenuation 
features,  given  the  extent  and  nature  of 
the  rehabilitation  being  undertaken  and 
the  level  or  exterior  noise  exposure.  In 
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Unacceptable  noise  zones.  HUD  shall 
strongly  encourage  conversion  of  noise- 
exposed  sites  to  land  uses  compatible  , 
with  the  high  noise  levels.  > 

(6)  Research,  guidance  and,  ■ 
publications.  HUD  shall  maintain  a 
continuing  program  designed  to  provide 
new  knowledge  ef  noise  abatement  and 
control  to  public  and  private  bo'dies,  to 
develop  improved  methods  for 
anticipating  noise  encroachment,  to  „ 
develop  noise  abatement  measures, 
through  land  use  and  building 
construction  practices,  and  to  foster 
better  understanding  of  the 
consequences  of  noise.  It  shall  be  HUD's 
policy  to  issue  guidance  documents 
periodically  to  assist  HUD  personnel  in 
assigning  an  acceptability  category  to 
projects  in  accordance  with  noisev 
exposure  standards,  in  evaluating  noise 
attenuation  measures,  and  in  advising 
local  agencies  about  noise  abatement 
strategies.  The  guidance  documents 
shall  be  updated  periodically  in  - 
accordance  with  advances  in  the  state- 
of-the-art.     » 

(7)  Construction  equipment,  building 
equipment  and  appliances.  HUD  shall 
encourage  the  use  of  quieter 
construction  equipment  and  methods  in 
population  centers,  the  use  of  quieter 
equipment  and  appliances  in  buildings, 
and  the  use  of  appropriate  noise 
abatement  techniques  in  the  design  of 
residential  structures  with  potential 
noise  problems.  . 

(8)  Exterior  noise  goals.  It  is  a  HUD 
goal  that  exterior  noise  levels  do  not 
exceed  a  day-night  average  sound  level 
of  55  decibels.  Thislevel  is 
•recommended  by  the  Environmental 
Protection  Agency  as  a  goal  for  outdoors 
in  residential  areas.  The  levels 
recommended  by  EPA  are  not  standards 
and  do  not  take  into  account  cost  or 
feasibility.  For  the  purposes  of  this 
regulation  and  to  meet  other  program 
objectives,  sites  with-a  day-night 
average  sound  level  of  65  and  below  are 
acceptable  and  are  allowable  (see 
Standards  in  J  51.103(c)). 

(9)  Interior  noise  goals.  It  is  a  HUD 
goal  that  the  interior  auditory 
environment  shall  not  exceed  a  day- 
night  average  sound  level  of  45  decibels. 
Attenuation  measures  to  meet  these 
interior  goals  shall  be  employed  where 
feasible.  Emphasis  shall  be  given  to 
noise  sensitive  interior  spaces  such  as 
bedrooms.  Minimum  attenuation 
requirements  are  prescribed  in 

i  51.104(a). 

(10)  Acoustical  privacy  in  multifamily 
buildings.  HUD  shall  require  the  use  of 
building  design  and  acoustical  treatment 
to  afford  acoustical  privacy  in 
multifamily  buildings  pursuant  to 


requirements  of  the  Minimum  Property 
Standards. 

§51.102    Responsibilities.  ~ 

(a)  Authority  to  approve  projects.  (1) 
Decisiohs  on  proposed  projects  with 
acceptable  noise  exposures  shall  be 
delegated  to  the  program  personnel 
within  field. offices,  including  projects 
where  increased  noise  levels  are 
considered  acceptable  because  of  non- 
acoustic  benefits  under  §  51.105(a).  Field 
office  program  personnel  may  also 
approve  projects  in  normally 
unacceptable  noise  exposed  areas 
where  adequate  sound  attenuation  is 
provided  and  where  the  project  does  not 
require  an  Environmental  Impact 
Statement  under  §  51.104Tb). 

(2)  Other  approvals  in  normally 
unacceptable  noise  exposed  areas 
require  the  concurrence  of  the  Regional 
Administrator. 

(3)  Requests  for  approvals  of  projects 
or  portions  of  projects  with  . 
unacceptable  noise  exposures  shall  be 
referred  through  the  Regional  Office  to 

-the  Assistant  Secretary  for  Community 
Planning  and  Development  for  approval 
pursuant  to  §  51.104(b). 

(4)  In  cases  where  the  Regional 
Administrator  determines  that  an 
important  precedent  or  issue  is  involved, 
such  cases  shall  be  referred  with 
recommendations  to  the  Assistant 
Secretary  for  Community  Planning  and 
Development. 

(b)  Surveillance  of  noise  problem 
areas.  Appropriate  field  staff  shall 
maintain  surveillance  of  potential  noise 
problem  areas  and  advise  local  officials, 
developers,  and  planning  groups  of  the 
unacceptability  of  sites  because  of  noise 
exposure  at  the  earliest  possible  time  in 
the  decision  process.  Every  attempt 
shall  be  made  to  insure  that  applicants' 
site  choices  are  consistent  with  the 
policy  and  standards  contained  herein. 

(c)  Notice  to  applicants.  At  the 
earliest  possible  stage,  HUD  program 
administrators  shall: 

(1)  Determine  the  suitability  of  the 
acoustical  environment  of  proposed 
projects; 

(2)  Notify  applicants  of  any  adverse  or 
questionable  situations;  and 

(3)  Assure  that  prospective  applicants 
are  apprised  of  the  standards  contained 
herein  so  that  future  site  choices  will  be    • 
consistent  with  these  standards. 

"(d)  Technical  assistance.  Technical 
assistance  in  the  measurement, 
estimation,  interpretation,  or  prediction 
of  noise  exposure  is  available  from  the 
Office  of  Community  Planning  and 
Development  and  the  Office  of  Policy 
Development  and  Research.  Field  office 
questions  shall  be  forwarded  through 


the  Regional  Office  to  the  Assistant 
Secretary  for  Community  Planning  and 
Development  or  his  designee. 

(e)  Interdepartmental  coordination. 
Regional  Administrators  shall  foster 
appropriate  coordination  between  field 
offices  and  other  departments  and 
-  agencies,  particularly  the  Environmental 
Protection  Agency,  the  Department  of 
Transportation,  Department  of  Defense 
representatives,  and  the  Veterans 
Administration.  HUD  staff  shall  utilize 
the  acceptability  standards  in 
commenting  on  the  prospective  impacts 
of  transportation  facilities  and  other 
noise  generators  in  the  Environmental 
Impact  Statement  review  process. 

§51.103    Criteria  and  standards. 

These  standards  apply  to  all  programs 
as  indicated  in  §  51.101. 

[a]  Measure  of  external  noise 
^environments.  The  magnitude  of  the 

external  noise  environment  at  a  site  is 
determined  by  the  value  of  the  day-night 
average  sound  level  produced  as  the 
result  of  the  accumulation  of  noise  from 
all  sources  contributing  to  the  external 
noise  environment  at  the  site.  Day-night 
average  sound  level,  abbreviated  as 
DNL  and  symbolized  as  L^  ,  is  the  24- 
hour  average  sound  level,  in  decibels, 
obtained  after  addition  of  10  decibels  to 
sound  levels  in  the  night  from  10  p.m.  to 
7  a.m.  Mathematical  expressions  for 
average  sound  level  and  day-night 
-  average  sound  level  are  stated  in  the 
Appendix: 

(b)  Loud  impulsive  sounds.  On  an. 
interim  basis,  when  loud  impulsive 
sounds,  such  as  explosions  or  sonic 
booms,  are  experienced  al  a  site,  the 
day-night  average  sound  level*produced 
by  the  loud  impulsive  sounds  alone  shall 
have  8  decibels  added  to  it  in  assessing 
the  acceptability  of  the  site  (see 
Appendix).  Alternatively,  the  C- 
weighted  day-night  average  sound  level 
(Lcin)  may  be  used  without  the  8  decibel 
addition,  as  indicated  in  Section 
51.106(a)(3). 

Methods  for  assessing  the 
contribution  of  loud  impulsiva  sounds  to 
day-night  average  sound  level  at  a  site 
and  mathematical  expressions  for 
determining  whether  a  sound  is  classed 
as  "loud  impulsive"  are  provided  in  the 
Appendix. 

(c)  Exterior  standards.  The  degree  of 
acceptability  of  the  noise  environment 
at  a  site  is  determined  by  the  sound 
levels  external  to  buildings  or  other 
facilities  containing  noise  sensitive  uses. 
The  standards  shall  usually  apply  at  a 
location  2  meters  (6.5  feet)  from  the 
building  housing  noise  sensitive 
activities  in  the  direction  of  the  ' 
predominant  noise  source.  Where  the 
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building  location  is  undetermined,  the 
standards  6hall  apply  2  meters  (8.5  feet) 
from  the  building  setback  line  nearest  to 
the  predominant  noise  source.  The 
standards  shall  also  apply  at  other 
locations  where  it  is  determined  that 
quiet  outdoor  space  is  required  in  an 
area  ancillary  to  the  principal  use  on  the 
site.  i 


The  noise  environment  inside  a 
building  is  considered  acceptable  if  (a) 
the  noise  environment  external  to  the 
building  complies  with  these  standards, 
and  (b)  the  building  is  constructed  in  a 
manner  common  to  the  area  or,  if  of 
uncommon  construction,  has  at  least  the 
equivalent  noise  attenuation  _ 
characteristics.  - 


Site  Acceptability  Standard! 


Day-night  average  sound  level  (m  oecfeets) 


Special  approval*  and 
requwementa 


Acceptable 

Normally  Unacceptable  - 


Unacceptable _ _ Above  75  dB 


Not  exceeding  65  dB(T) " None     V 

Above  65  dB  but  not  eiceeckng  75  dB Special  Approval*  (2) 

-  .  fc  Enwonmental  fleviev*  13} 

Attenuation  [4) 

._ Special  Approval*  (2) 

Environmental  Review  (3) 
~  Attenuator  (5) 


Notes — (1)  Acceptable  threshold  may  be  shrfled  to  70  dB  r  special  arcumstances  pursuant  to  Section  51  105(a) 

(2)  See  Section  51  104(b)  lor  requrernenta.  . 

(3)  See  Section  51  104(b)  lor  requirement*  -*  = 

(4)  5  dB  additional  attenuation  required  tor  sites  above  65  dB  but  not  exceeding  70  dB  end  10  dB  additional  attenuation 
requred  tor  sites  above  70  dB  but  not  exceeding  75  dB   (See  Section  51  104(a).) 

(5)  Attenuation  measures  to  be  submitted  to  the  Assistant  Secretary  for  CP0  for  approval  on  a  case-by-case  basis 


§  51.104    Special  requirements. 

(a)  Noise  attenuation.  Noise 
attenuation  measures  are  those  required 
in  addition  to  attenuation  provided  by 
buildings  as  commonly  constructed  in 
the  area,  and  requiring  open  windows 
for  ventilation.  Measure*  that  reduce 
external  noise  at  a  site  shall  be  used 
wherever  practicable  in  preference  to 
the  incorporation  of  additional  noise 
attenuation  in  buildings.  Building 
designs  and  construction  techniques 
that  provide  more  noise  attenuation 
than  typical  construction  may  be 
employed  also  to  meet  the  noise 
attenuation_requirements.  ~ 

-    (1]  Normally  Unacceptable  noise 
zone.  Approvals  in  this  zone  require  a 
minimum  of  5  decibels  additional  sound 
attenuation  for  buildings  having  noise- 
sensitive  uses  if  the  day-night  average 
sound  level  is  greater  than  65  decibels 
but  does  not  exceed  70  decibels,  or  a 
minimum  of  10  decibels  of  additional 
sound  attenuation  if  the  day-night 
average  sound  level  is  greater  than  70 
decibels  but  does  not  exceed  75 
decibels. 

(2)  Unacceptable  noise  zone.  Noise 
attenuation  measures  require  the 
approval  of  the  Assistant  Secretary  for 
Community  Planning  and  Development. 
(See  §  51.104(b)(2).) 

(b)  Special  Approvals  and 
Environmental  Review  Requirements. 
Environmental  clearances  shall  be 
conducted  pursuant  to  the  requirements 
of  HUD's  Departmental  Policies, 
Responsibilities  and  Procedures  for 
Protection  and  Enhancement  of 


Environmental  Quality  (38  FR  19182  as 
amended)  or  other  environmental 
regulations  which  may  be  issued  by  the 
Department.  The  Special  Clearance  and 
Environmental  Impact  Statement  (EIS) 
threshold  requirements  are  hereby 
modified  for  all  projects  proposed  in  the 
Normally  Unacceptable  and 
Unacceptable  noise  exposure  zones  as 
follows: 

-     (1)  Normally  Unacceptable  noise 
zone,  (i)  All  projects  located  in^the 
Normally  Unacceptable  Noise  Zone 
require  a  Special  Environmental 
Clearance  except  an  EIS  is  required  for 
a  proposed  project  located  in  a  largely 
undeveloped  area,  or  where  the  HUD 
action  is  likely  to  encourage  the 
establishment  of  incompatible  land  use 
in  this  noise  zone. 

(ii)  When  an  EIS  is  required,  the 
concurrence  of  the  Regional 
Administrator  is  also  required  before  a 
project  can  be  approved.  For  the 
purposes  of  this  paragraph,  an  area  will 
be  considered  as  largely  undeveloped 
unless  the  area  within  a  2-mfle  radius  of 
the  project  boundary  is  more  than  50 
percent  developed  for  urban  uses  and 
infrastructure  (particularly  water  and 
sewers)  is  available  and  has  capacity  to 
serve  the  project. 

(iii)  All  other  projects  in  the  Normally 
Unacceptable  zone  require  a  Special 
"Environmental  Clearance,  except  where 
an  EIS  is  required  for  other  reasons 
pursuant  to  HUD  environmental  ' 
policies.       ...  "   -■ '      ,= 

(2)  Unacceptable  noise  zone.  An  EIS 
is  required  prior  to  the  approval  of 


projects  with  unacceptable  noise 
exposure.  Projects  in  or  partially  in  an 
Unacceptable  Noise  Zone  shall  be 
submitted  through  the  Regional 
Administrator  to  the  Assistant  Secretai 
for  Community  Planning  and 
Development  for  approval.  The 
Assistant  Secretary  may  waive  the  EIS 
requirement  in  cases  where  noise  is  the 
only  environmental  issue  and  no 
outdoor  sensitive  activity  will  take  plac 
on  the  site.' In  such  cases,  a  Special 
Environmental  Clearance  is  required. 

§  51.105    Exceptions. 

(a)  Flexibility  for  non-acoustic 
benefits.  Where  it  is  determined  that 
program  objectives  cannot  be  achieved 
on  sites  meeting  the  acceptability 
standard  of  65  decibels,  the  Acceptable 
Zone  may  be  shifted  to  L^  70  on  a  case- 
by-case  basis  if  all  the  following 
conditions  are  satisfied: 

(1)  The  project  does  not  require  an 
Environmental  Impact  Statement  under 
provisions  of  section  104(b)(1)  and  noise 

•  is  the  only  environmental  issue. 

(2)  The  project  has  received  a  Special 
Environmental  Clearance  and  has 
received  the  concurrence  of  the 
Environmental  Clearance  Officer. 

(3)  The  project  meets  other  program 
goals  to  provide  housing  in  proximity  to 
employment,  public  facilities  and 
transportation. 

(4)  The  project  is  in  conformance  with 
local  goals  and  maintains  the  character 
of  the  neighborhood. 

(5)  The  project  sponsor  has  set  forth 
reasons,  acceptable  to  HUD,  as  to  why 
the  noise  attenuation  measures  that 
would  normally  be  required  for  new 
construction  in  the  L^  65  to  L^  70  zone 
cannot  be  met 

(6)  Other  sites  which  are  not  exposed 

.  to  noise  above  L^  65  and  which  meet     - 
program  objectives  are  generally  not 
available. 

The  above  factors  shall  be 
documented  and  made  part  of  the 
project  file.  -   j 

§  51.106     Implementation. 

(a)  Use  of  available  data.  HUD  field 
staff  shall  make  maximum  use  of  noise 
data  prepared  by  others  when  such  data 
are  determined  to  be  current  and 
adequately  projected  into  the  future  and 
are  in  terms  of  the  following: 

(1)  Sites  in  the  vicinity  of  airports. 
The  noise  environment  around  airports 
is  described  sometimes  in  terms  of 
Noise  Exposure  Forecasts,  abbreviated 
as  NEF  or,  in  the  State  of  California,  as 
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Community  Noise  Equivalent  Level 
a  abbreviated  as  CNEL.  The  noise 

environment  for  site9  in  the  vicinity  of 

airports  for  which  day-night  average 
i''Sound  level  data  are  not  available  may 

be  evaluated  from  NEF  or  CNEL 

analyses  using  the  following 
-S  conversions  to  DNL: 

"'  DNL  =  NEF +38 
.'  DNL  ^  CNEL 

(2)  Sites  in  the  vicinity  of  highways. 

I    Highway  projects  receiving  Federal  aid 
are  subject  to  noise  analyses  under'tbe 
procedures  of  the  Federal  Highway 
Administration. 
Where  such  analyses  are  available 

i    they  may  be  used  to  assess  sites  subject 
to  the  requirements  of  this  standard.  The 

t    Federal  Highway  Administration 

U    employs  two  alternate  sound  level 
descriptors:  (a)  The  A-weighted  sound 
level  not  exceeded  more  than  10  percent 
I of  the  time  for  the  highway  design  hour 

le  i traffic  flow,  symbolized  as  L10;  or  (b)  the 
equivalent  sound  level  for  the  design 
hour,  symbolized  as  L*Q.  The  day-night 
average  sound  level  may  be  estimated 
'from  the  design  hour  Lio  or  L„  values  by 
the  following  relationships,  provided 
iheavy  trucks  do  not  exceed  10  percent  , 
of  the  total  traffic  flow  in  vehicles  per  24 
hours  and  the  traffic  flow  between  10 
p.m.  and  7  a.m.  does  not  exceed  15 
percent  of  the  average  daily  traffic  flow 
in  vehicles  per  24  hours: 

DNL=Li0  (design  hour}— 3  decibels 
DNL=L.,  (design  hour)  decibels 

Where  the  auto/truck  mix  and  time  of 
day  relationships  as  stated  in  this 
Section  do  not  exist,  the  HUD  Noise 
Assessment  Guidelines  or  other  noise 
analysis  shall  be  used. 

(3)  Sites  in  the  vicinity  of  installations 
producing  loud  impulsive  sounds. 
Certain  Department  of  Defense 
installations  produce  loud  impulsive 
sounds  from  artillery  firing  and  bombing 
practice  ranges.  Noise  analyses  for  these 
facilities  sometimes  encompass  sites 
that  may  be  subject  to  the  requirements 
of  this  standard.  Where  such  analyses  ' 
are  available  they  may  be  used  on  an 
interim  basis  to  establish  the 
acceptability  of  sites  under  this 
standard. 

The  Department  of  Defense  uses  day- 
,  night  average  sound  level  based  on  C- 
weighted  sound  level,  symbolized  Lou,, 
for  the  analysis  of  loud  impulsive 
sounds.  Where  such  analyses  are 
provided,  the  8  decibel  addition 
j     specified  in  51.103(b),  is  not  required. 
I     and  the  same  numerical  values  «f  Jay- 
night  average  sound  level  used  «n  an 
interim  basis  to  determine  site 


suitability  for  non-impulsive  sounds 
apply  to  the  Lc«n. 

(4)  Use  of  areawide  acoustical  data. 
HUD  encourages  the  preparation  and 
use  of  areawide  acoustical  information, 
such  as  noise  contours  for  airports. 
Where' such  new  or  revised  contours 
become  available  for  airportsfcivil  or 
military)  and  military  installations  they 
shall  first  be  referred  to  the  Regional 
Office  (Environmental  Clearance 
Officer)  for  review,  evaluation  and 
decision  on  appropriateness  for  use  by 
HUD.  The  Regional' Office  shall  submit 
revised  contours  to  the  Assistant 
Secretary  of  Community  Planning  and 
Development  for  review,  evaluation  and 
decision  whenever  the  area  affected  is 
changed  by  20  percent  or  more,  or 
whenever  it  is  determined  that  the  new 
contours  will  have  a  significant  effect  on 
HUD  programs,  or  whenever  the 
contours  are  not  provided  in  a 
methodology  acceptable  under 
§  51.108(a)(1)  or  in  other  cases  where  the 
Regional  Office  determines  that 
Headquarters  review  is  warranted.  For 
other  areawide  acoustical  data,  review 
is  required  only  where  existing 
areawide  data  are  being  utilized  and 
where  such  data  have  been  changed  to 
reflect  changes  in  the  measurement 
methodology  or  underlying  noise  source 
assumptions.  Requests  for  determination 
on  usage  of  new  or  revised  areawide 
data  shall  include  the  following: 

(i)  Maps  showing  old,  if  applicable, 
and  new  noise  contours,  along  with  brief 
description  of  data  source  and 
methodology. 

(ii)  Impact  on  existing  and  prospective 
urbanized  areas  and  on  development 
activity. 

(iii)  Impact  on  HUD-assisted  projects 
currently  in  processing. 

(iv)  Impact  on  future  HUD  program 
activity.  Where  a  field  office  has 
determined  that  immediate  approval  of 
new  areawide  data  is  necessary  and 
warranted  in  limited  geographic  areas, 
the  request  for  approval  should  state  the 
circumstances  warranting  such 
approval.  Actions  on  proposed  projects 
shall  not  be  undertaken  while  new 
areawide  noise  data  are  being 
considered  for  HUD  use  except  where 
the  proposed  location  is  affected  in  the 
same  manner  under  both  the  old  and 
-new  noise  data. 

(b)  Site  assessments.  Compliance  with 
the  standards  contained  in  §  51.103(c) 
shall,  where  necessary,  be  determined 
using  noise  assessment  guidelines, 
handbooks,  technical  documents  and 
procedures  issued  by  the  Department. 

(c)  Variations  in  site  noise  levels.  In 
many  instances  the  noise  environment 
will  vary  across  a  site,  with  portions  of 


the  site  being  in  an  Acceptable  noise 
environment  and  other  portions  in  a 
Normally  Unacceptable  noise 
environment.  The  standards  in 
§  51.103(c)  shall  apply  to  the  portion*  of 
a  building  or  buildings  used  for 
residential  purposes  and  for  ancillary 
noise  sensitive  open  spaces. 

(dj  Noise  measurements.  Where  noise 
assessments  result  in  a  finding  that  the 
site  is  borderline  or  questionable,  or  is 
controversial,  noise  measurements  may 
be  performed.  Where  it  is  determined 
that  noise  measurements  are  required, 
such  measurements  will  be  conducted  in 
accordance  with  methods  and 
measurement  criteria  established  by  the 
Department.  Locations  for  noise 
measurements  will  depend  on  the 
location  .of  noise  sensitive  uses  that  are 
nearest  to  the  predominant  noise  source 
(see  !  51.103(c)).  '. 

(e)  Projections' of  noise  exposure.  In 
addition  to  assessing  existing  exposure, 
future  conditions  should  be  projected. 
To  the  extent  possible,  noise  exposure 
shall  be  projected  to  be  representative 
of  conditions  that  are  expected  to  exist 
at  a  time  at  least  10  years  beyond  the 
date  of  the  project  or  action  under 
review. 

(f)  Redaction  of  site  noise  by  use  of 
berms  and/or  barriers.  If  it  is 
determined  by  adequate  analysis  that  a 
berm  and/or  barrier  will  reduce  noise  at 
a  housing  site,  and  if  the  barrier  is 
existing  or  there  are  assurances  that  it 
will  be  in  place  prior  to  occupancy,  the 
environmental  noise  analysis  for  the  site 
may  reflect  the  benefits  afforded  by  the 
berm  and/or  barrier. 

In  the  environmental  review  process 
under  §  51.104(b),  the  location  height 
and  design  of  the  berm  and/or  barrier 
shall  be  evaluated  to  determine  its 
effectiveness,  and  impact  on  design  and 
aesthetic  quality,  circulation  and  other 
en vironmental  factors. 

Appendix — definition  of  acoustical  quantities 

1.  Sound  Level.  The  quantity  in  decibels 
measured  with  an  instrument  satisfying 
requirements  of  American  National  Standard 
Specification  for  Type  1  Sound  Level  Meters 
Sl.4-1971.  Fast  time-averaging  and  A- 
frequency  weighting  are  to  be  u9ed.  unless 
others  are  specified!  The  sound  level  meter 
with  the  A-weighting  is  progressively  less 
sensitive  to  sounds  of  frequency  below  1.000 
hertz  (cycles  per  second),  somewhat  as  is  the 
ear.  With  fast  time  averaging  the  sound  level 
meter  responds  particularly  to  recent  sounds 
almost  a*  quickly  as  does  the  ear  in  judging 
the  loudness  of  a  sound. 

2.  Average  Sound  Level.  Average  sound 
level,  in  decibels,  is  the  level  of  the  mean- 
square  A-weighted  sound  pressure  during  the 
stated  time  period,  with  reference  to  the 
square  of  the  standard  reference  sound 
pressure  of  20  micropascals. 
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Day-night  average  sound  level,  abbreviated  as  DNL.  and  symbolized  mathematically  aa 
L„„  is  defined  as: 
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Time  t  is  in  seconds,  so  the  limits  shown  in 
hours  and  minutes  are  actually  interpreted  in 
seconds  LA(t)  is  the  time  varying  value  of  A- 
weighted  sound  level,  the  quantity  ixi  decibels 
measured  by  an  instrument  satisfying 
requirements  of  American  National  Standard 
Specification  for  Type  1  Sound  Level  Meters 
Sl.4-1971. 

3  Loud  Impulsive  Sounds.  When  loud 
impulsive  sounds  such  as  sonic  booms  or    , 
explosions  are  anticipa\ed  contributors  to  the 
noise  environment  al  a  site,  the  contribution 
to  day-night  average  sound  levaj  produced  by 
the  loud  impulsive  sounds  shall  have  8 
decibels  added  to  it  in  assessing  the    - 
acceptability  of  a  site. 

A  loud  impulsive  sound  is  defined  for  the 
purpose  of  this  regulation  as  one  for  which: 

(i)  The  sound  is  definable  as  a  discrete 
event  wherein  the  sound  level  increases  to  a 
maximum  and  then  decreases  in  a  total  time 


% )] 


interval  of  approximately  one  second  or  less 
to  the  ambient  background  level  that  exists 
without  the  sound:  and     ' 

(ii)  The  maximum  sound  level  (obtained 
with  slow  averaging  time  and  A-weighting  of 
a  Type  1  sound  level  meter  whose 
characteristics  comply  with  ANSI  Si  4-1971) 
exceeds  the  sound  level  prior  to  the  onset  of 
the  event  by  at  least  6  decibels:  and 

(iii)  The  maximum  sound  level  obtained 
with  fast  averaging  time  of  a  sound  level 
meter  exceeds  the  maximum  value  obtained 
with  slow  averaging  time  by  at  least  4 
decibels. 

Issued  at  Washington.  DC  cm  July  5,  1979. 
Patricia  Roberts  Harris, 
Secretary  of  Housing  and  Urban 
Development. 
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THE  FHWA  HIGHWAY  TRAFFIC  NOISE  PREDICTION  MODEL 


1.0    INTRODUCTION 

The  FHWA  Highway  Traffic  Noise  Prediction  Model  (hereafler  referred  to  as  the  FHWA 
model),  like  several  other  prediction  models,  arrives  at  a  predicted  noise  level  through  a  series  of 
adjustments  to  a  reference  sound  level.  In  the  FHWA  model,  the  reference  level  is  the  energy  mean 
emission  level.  Adjustments  are  then  made  to  the  reference  energy  mean  emission  level  to  account 
for  traffic  flows,  for  varying  distances  from  the  roadway,  for  finite  length  roadways,  and  for  shield- 
ing.  All  of  these  variables  are  related  by  the  following  equation: 

Lpq{h)j  -  (LU)E^  reference  energy  mean  emission  level 

(X,*DU\ 
+  10  log    — c  r  traffic  flow  adjustment 


V    SJ 

+  1 0  log  1  -77-)  distance  adjustment 

/vu(O],02)\ 
+  10  log  1 I  finite  roadway  adjustment 

+.1,  shielding  adjustment  (1) 

where 

/',.,.(/'),        is  tin  hourly  equivalent  sound  level  of  the  /th  class  of  vehicles. 

(/.,,);  is  the  reference  energy  mean  emission  level  of  the  ;th  class  of  vehicles. 

.\'j        is  the  number  of  vehicles  in  the  ith  class  passing  a  specified  point  during  some 
specified  time  period  (1  hour). 

I)       is  the  perpendicular  distance,  in  metres,  from  the  centerline  of  the  traffic  lane  to 
the  observer. 

D „       is  the  reference  distance  at  which  the  emission  levels  are  measured.  In  the  FHWA 
model,  I)0  is  15  metres.  Du  is  a  special  case  of  D. 

St       is  the  average  speed  of  the  ith  class  of  vehicles  and  is  measured  in  kilometres  per 
hour  (km  h). 

7'       is  the  time  period  over  which  the  equivalent  sound  level  is  computed  (1  hour). 

u       is  a  site  parameter  whose  values  depend  upon  site  conditions. 

V       is  a  symbol  representing  a  function  used  for  segment  adjustments,  i.e.,  an  adjust- 
ment for  finite  length  roadways. 

-\s        is  the  attenuation,  in  dB,  provided  by  some  type  of  shielding  such  as  barriers,  rows 
of  houses,  densely  wooded  areas,  etc. 

1 


fhe  first  two  lines  of  Equation  1  predict  the  equivalent  sound  level  generated  by  a  flow  of  vehicles 
|)f  a  single  class  traveling  at  a  constant  speed  on  an  effectively  infinite,  flat  roadway  at  a  reference 
listance  of  15  metres.  The  last  three  lines  of  Equation  ( 1)  represent  adjustments  that  deal  with  the 
;ite  conditions  between  the  observer  and  the  roadway. 

Once  computation  of  the  /.,„(/?), \s  is  complete,  the  total  hourly  equivalent  sound  level,  I.,,q(h  • 
can  be  determined.  The  Lcq(h)  is  the  sum  of  the  acoustic  contributions  of  the  various  classes  of 
vehicles  using  the  roadway.  In  the  FI1WA  model,  there  are  three  classes  of  vehicles:   automobiles  (A), 
medium  trucks  (NTT),  and  heavy  trucks  (I  IT).  The  three  classes  of  vehicles  will  be  defined  in  I  ho 
next  section.  The  total  hourly  equivalent  sound  level  is  computed  as: 
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When  the  hourly  sound  level  exceeded  HY'i  of  the  time,  I.n)(h),  is  desired,  an  adjustment  is  used  to 
convert  (he/,    (/i),  to  Lu)(h)r  The  total  I.U){h)  is  also  computed  by  logarithmically  summing  the 
contribution  from  each  class: 
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A  complete  discussion  of  the  mathematical  development  of  this  model  can  be  found  in  Appendices 
A  and  B. 

Figure  1  is  a  flow  diagram  that  shows  the  computational  sequence  followed  in  the  FHWA 
manual  method  in  arriving  at  a  predicted  sound  level. 
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Figure  1.    Flow  Diagram  of  the  Computational  Sequence  Used  in  the  FHWA  Model 


The  computational  procedure  shown  in  Figure  1  is  followed  in  Chapter  2  where  each  of  the 
variables  is  discussed  in  detail.   Each  variable  will  be  discussed  separately  and  presented  in  graphic, u 
form  for  ease  of  calculations.   Sample  problems  are  included  to  illustrate  the  use  of  each  chart  or 
charts  as  they  are  developed.   Finally,  a  summary  is  included  at  the  end  of  each  discussion  to  aid  the 
user  in  following  the  computational  sequence  shown  in  Figure  1. 

Chapter  3  examines  equivalent  lane  distances  with  and  without  barriers  present  at  the  sites. 
Chapter  4  presents  some  nomographs  which  can  be  used  to  quickly  estimate  traffic  noise  levels. 
Chapter  4  also  deals  with  the  development  of  a  computer  program  for  a  handheld  calculator. 
Chapter  5  briefly  discusses  the  accuracy  of  the  FHWA  model  for  those  situations  where  D  is  equal 
to  or  greater  than  15  metres.  Chapter  6  discusses  noise  prediction  when  the  observer  is  close  to  the 
highway  (D  is  less  than  15  metres),  Chapter  7  presents  some  problems  involving  multilane  highways. 


2  0    FHWA  MODEL  -  MANUAL  METHOD  (D  >  15  Metres) 
a.     Introduction 

As  discussed  in  Chapter  1,  the  FHWA  model  arrives  at  a  predicted  sound  level  through  a  series 
of  adjustments  to  the  reference  energy  mean  emission  level.  The  actual  value  of  these  adjustments 
depends  on  input  data  concerning  traffic  characteristics,  topography,  and  roadway  characteristics. 
In  the  FHWA  manual  method  presented  in  this  chapter,  these  aajustments  are  read  from  figures  and 
tables.  Thus,  the  procedure  used  in  arriving  at  a  predicted  noise  level  using  the  manual  method  de- 
veloped for  the  FHWA  model  is  very  similar  to  the  manual  method  used  in  the  NCHRP  117/144 
model.  The  figures  have  been  changed,  and  the  basic  model  is  drastically  different,  but  the  compu- 
tational procedure  is  very  similar. 

Table  1  has  been  prepared  to  assist  the  user  in  keeping  track  of  these  adjustments.  The  nota- 
lion  in  Table  1  is  slightly  different  from  that  used  in  Equation  ( 1).  The  reason  for  this  will  become 
apparent  as  each  term  in  Equation  1  is  discussed. 
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Table  1.    Noise  Prediction  Worksheet 


b.    Reference  Energy  Mean  Emission  I^evel 

Figure  1  indicated  that  the  first  step  in  the  prediction  procedure  was  to  determine  the  refer- 
ence energy  mean  emission  level  for  each  class  of  vehicles  that  uses  the  highway.  This  requires  a 


knowledge  of  the  emission  levels  of  I  lie  individual  vehicles  traveling  on  the  highway.  The  emission 
level,  L0,  is  defined  as  the  .4 -weigh led  peak  pass-by  noise  level  generated  by  a  vehicle  as  measured 
by  a  microphone  al  a  specified  location     In  the  II IWA  model,  the  microphone  is  located  on  .1  line 
perpendicular  to  the  cenlerline  of  the  traffic  lane  at  a  distance  of  15  metres  from  the  renterline  of 
the  traffic  lane.  Microphone  height  is  1.5  metres.  The  intervening  terrain  lietween  the  traffic  lane 
and  the  microphone  should  be  flat  and  free  of  reflective  surfaces.   When  the  measurement  is  made, 
the  vehicles  should  be  operating  on  a  straight,  flat  roadway  under  constant  speed  conditions  and  in 
cruise  mode  in  the  near  lane.   Care  must  be  taken  lo  insure  that  the  measured  emission  levels  are 
free  from  extraneous  sounds.   Detailed  procedures  for  measuring  noise  emission  levels  are  given  in 
a  manual  under  preparation  by  FI1WA  |  1.12] 

Unfortunately,  the  vehicles  that  use  the  Inch  ways  do  not  have  identical  emission  levels.  Km  is 
sion  levels  depend  on  several  factors,  such  as  the  type  of  vehicle,  engine  size,  speed,  tire  type,  etc 
Since  it  is  not  practical  to  determine  the  emission  levels  for  all  vehicles  in  each  class,  it  becomes 
necessary  to  measure  the  emission  levels  of  a  large  number  of  different  types  of  vehicles  ai  various 
speeds  and  statistically  determine  the  reference  energy  mean  emission  levels.    This  is  usualh  done 
on  a  computer  using  standard  curve  filling  and  statistical  techniques.    This  type  of  analysis  has  been 
done  [  2  |  using  the  data  acquired  in  the  Four  St  ale  Noise  Inventory  [  3  |.    Based  on  this  anah  sis  and 
other  da  1  a  |  2-<>  J,  vehicles  can  be  placed  in  three  acoustic  source  groups. 

(  1)  Aittnmrihili's  (.\)  all  vehicles  with  two  axles  and  tour  wheels  designed  primarily  for 
transportation  of  nine  or  fewer  passengers  (automobiles),  or  transportation  of  cargo  (light  (rucks). 
Oeneraliy.  the  gross  vehicle  weight  is  less  than  1.500  kilograms. 

(2)  Medium  trucks  f.)lT)  all  vehicles  having  two  axles  and  six  wheels  designed  for  the  trans 
portation  of  cargo.  (ieiieraJly,  the  cross  vehicle  weight  is  greater  than  4.5(H)  kilograms  but  less  than 
12,000  kilograms. 

(3)  llcury  trucks  (III)      .ill  vehicles  having  three  or  more  axles  anil  designed  for  the  transpor- 
tation of  cargo.   Generally,  the  gross  weight  is  greater  than  12.000  kilograms 

The  FIIWA  model  uses  the  following  .1  weighted  national  reference  energy  mean  emission 
levels: 

(LJ,.^        38.1  log  (S)       2.4  (II 

(L~),  33.9  log  (S)   +    16.4  (5) 

"  'mi 

a,;),.  ]m        24.6  log  (S)   *   38.5  (6) 


where  S  is  the  average  vehicle  speed  of  the  vehicle  class  in  km/h. 

Kquation(4)isfromFHWA  Research  Report  No.  FIIWA-RD-77- 19  [4],  Kquations(o)  and  (6)  are  from 
FIIWA  Research  Report  FIIWA-RD-78-64  [2]. 

The  reference  energy  mean  emission  levels  shown  here  are  plotted  in  Figure  2.  It  is  emphasized 
that  the  truck  levels  are  national  averages  based  on  the  truck  data  acquired  in  the  Four-State  Noise 
Inventory  |  3 ). 

The  Four-State  Noise  Inventory  indicated  that  there  are  regional  trends  in  vehicle  types.   For 
example,  the  majority  of  huge  trucks  in  Florida  had  four  axles.   Consequently,  the  reference  energy 
mean  emission  level  given  in  Kquation(6)  may  result  in  overprediction  of  the  noise  levels  on  Florida 
highways.    Users  of  this  manual  may  develop  their  own  reference  levels  using  the  FIIWA  prescribed 
measurement  procedures  [  12J. 

The  three  vehicle  categories  discussed  here  are  identical  to  those  reported  in  NCIIRP  Report 
173.   Although  the  vehicle  categories  are  the  same,  the  emission  levels  arc  not.  The  reason  for  this 
is  unclear.  One  possible  explanation  is  that  the  measurements  were  made  at  different  times.   The 
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vehicle  measurements  shown  in  NCMRP  Report  173  were  made  before  1974.    The  vehicle  measure- 
ments in  the  Four-State  Noise  Inventory  were  made  in  1975. 

One  interesting  point  is  the  distinction  made  in  NCHHP  Report  173  between  emission  levels 
and  source  levels.   NCHRP  Report  173  reported  a  4  dli  error  between  measured  sound  levels  and 
predicted  sound  levels.   This  4  dB  error  was  subtracted  from  the  emission  levels,  and  these  quantities 
were  defined  as  source  levels.    The  source  levels  given  in  NCI  IK  I*  Report  173  and  the  emission  levels 
given  here  have  approximately   the  same  numerical  values  for   (he  emission  levels  of  the  auto- 
mobiles and  medium  trucks     The  levels  for  the  heavy  trucks  are  approximately  the  same  at  high 
speed  but  not  at  low  speed.    This  is  because  the  source  level  for  heavy  trucks  in  NUIRJ'  173  is 
independent  of  speed. 


c.     Traffic  Flow  Adjustments  to  the  Reference  Levels 

Figure  2  is  used  to  determine  the  reference  energy  mean  emission  level  for  a  single  vehicli 
representative  of  a  particular  class.  This  value  musi  then  be  adjusted  for  traffic  flows  by  use  o 
the  term 


\0  log  (NjirDJTSj).  (7) 


This  expression  is  valid  for  any  consistent  set  of  units.  The  units  used  by  highways  engineers  are 
not  consistent.  A,  is  the  number  of  vehicles  in  the  /th  class  passing  a  given  point  over  a  1-hour 
period  ;D„  is  equal  to  15  metres;  T  is  equal  to  1-hour;  and  5,  is  measured  in  kilometres  per  hour. 
Consequently,  for  ease  of  use,  the  expression  lOlogOV^/Jf,  T5>,-)  is  simplified  to  10  log  (A, D„  .V,)  -25 
(Note:   -25  =  10  log  77-10  log  1000).   Consequently,  the  adjustment  for  traffic  flow  reduces  to 


10  log  I— s-2]    -25.  (Si 


i 


Note  that  in  Table  1,  Line  17,  the  -25  is  treated  as  an  equation  constant.  The  units  are  the  same  as 
defined  above. 

D,,  is  kept  in  Equation  (8)  for  two  reasons: 

(1)  It  emphasizes  that  the  emission  levels  used  in  the  FHWA  model  were  measured  at  a 
distance  of  15  metres. 

(2)  It  serves  as  an  alert  mechanism.   When  I)  is  less  than  15  metres,  noise  predictions  must 
be  made  in  accordance  with  the  procedures  in  Chapter  6. 

Since  I),,  is  a  constant  in  the  term  10  log  (A,/^^,),  the  traffic  flow  adjustment  factor  varies 
as  the  logarithm  of  Ar,/S,-.  If  A',  is  held  constant,  the  adjustment  factor  decreases  with  increasing 
speed  at  the  rate  of  3  dBA  per  doubling  of  speed.   If  5,  is  held  constant  and  the  volume  increases, 
the  adjustment  factor  increases  by  3  dBA  for  each  doubling  of  volume. 

The  name  given  to  the  adjustment  in  this  section  -  the  traffic  flow  adjustment     is  somewhat  of 
a  misnomer  because  Equation  (7)  has  one  other  important  function.  Recall  that  T  is  the  time  period 
over  which  the  equivalent  sound  level  is  computed.   By  making  T  equal  to  one  hour,  the  reference 
energy  mean  emission  level  (a  peak  value)  is  converted  to  an  hourly  equivalent  sound  level. 

The  adjustment  for  traffic  flows  can  be  read  directly  from  Figure  3. 


N    U„/S    Im/kml 


Figure  3.   Adjustment  for  Real  Traffic  Flows 


d.     Distance  Adjustment  to  the  Reference  Levels 

The  reference  energy  mean  emission  levels  are  equivalent  sound  levels  based  on  single  vehicle, 
peak  pass-by  noise  level  measurements  made  at  a  distance  of  15  metres  from  the  roadway    Predicting 
the  noise  level  at  distances  greater  than  15  metres  requires  that  the  reference  energy  mean  emission 
levels  be  adjusted  for  the  new  distances.  The  distances  adjustment  is  generally  referred  lo  as  the 
dropoff  r.ilc  and  is  expressed  in  terms  of  decibels  per  doubling  of  distance  (dB/I)D).   Sinn-  I  he 
reference  energy  mean  emission  levels  are  equivalent  sound  levels,  the  distance  adjustment  factor 
can  be  expressed  as 


where 
1) 


a 


iOh,;[ik 


1   *(X 


(9) 


is  the  perpendicular  distance  between  the  centerline  of  the  travel  lane  and  the  observer 

is  the  reference  distance  at  which  the  reference  energy  mean  emission  level  was  measured 
and  equals  15  metres.   Note  that  Dv  is  a  special  case  of  I). 

is  a  site  parameter  whose  value  depends  upon  site  conditions. 

Theoretically,  it  can  be  shown  that  when  the  ground  between  the  roadway  and  observer  is 
acoustically  hard,  the  site  is  reflective  (a  -  0).   Consequently,  the  distance  adjustment  factor  reduces 
to 

10  log  (■%■ 


10) 


iiml  I  In-  drop-off  rate  is  3  <!l!  per  doubling  of  distance  (3  dHA  DD).    Values  close  to  this  theoretical 
Inline  have  been  measured  in  the  field  |  3 1.  *'  •• 

1  u  ill  studies  [  3,.r>  |  have  also  shown  that  when  (he  intervening  ground  is  acousticalls  sol  i  the 
kiif  is  absorptive  (o  ~-  1  2).    in  this  situation,  the  distance  adjustment  factor  reduces  to 


1  1 


and  the  drop-off  rate  is  4.5  dHA  per  doubling  of  distance  (4.5  dHA  DD).  In  this  case,  it  appears 
that  the  4.5  dBA  DD  attenuation  is  made  up  of  two  components  -the  3.0  dBA  DD  due  to  geo- 
metric spreading  and  an  excess  attenuation  of  1.5  dBA  DD  due  to  ground  effects. 

It  is  important  that  the  users  of  this  manual  understand  what  the  values  given  by  Equations  10 
and  1  1  represent.   Consider  the  situation  where  two  sound  level  meters  (SLM's)  are  located  adjacent 
to  a  highway.   One  SLM  is  located  at  distance  D  and  the  other  SLM  is  located  at  distance  21).   As  a 
vehicle  approaches  and  passes  the  SLM's,  the  noise  level  increases  up  to  a  peak  level  and  then  de- 
creases. If  simultaneous  readings  of  the  peak  levels  were  recorded,  the  difference  in  levels  between 
the  two  SLM's  would  be  6  or  7.5  dBA  (6.0  dBA  due  to  divergence  and  1.5  dBA  due  to  excess 
attenuation  if  the  site  is  absorptive).  I lowever,  if  comparisons  were  made  between  the  equivalent 
sound  levels  computed  from  the  pass-by  envelopes,  the  difference  in  the  equivalent  sound  levels  be- 
tween the  SLM's  would  range  from  3  to  4.5  dBA.  Equations  ( 10)  and  (11)  are  based  on  equivalent 
sound  levels. 

In  the  FHWA  model,  the  user  must  decide  the  proper  drop-off  rate  to  use.  Table  2  has  been 
prepared  to  help  the  user  make  this  decision. 

As  shown  earlier,  the  3  dHA  1)1)  lakes  the  form  of  10  (log  l)(J  D)  and  the  4.5  dBA/DD  lakes 
the  lorm  o!   Iblogf/^,  /')   These  functions  are  shown  grnphi<  ally  in  Figure  4 


Table  2.   Criteria  for  Selection  of  Drop-Off  Rate  Per  Doubling  of  Distance 


Situation 


1.  All  situations  in  which  the  source  or  the  receiver  are  lo- 
cated 3  metres  above  the  ground  or  whenever  the  line-of- 
sight*  averages  more  than  3  metres  above  the  ground. 

2.  All  situations  involving  propagation  over  the  top  of  a 
barrier  3  metres  or  more  in  height. 

3.  Where  the  height  of  the  line-of-sight  is  less  than  3 
metres  and 

(a)  There  is  a  clear  (unobstructed)  view  of  the  high- 
way, the  ground  is  hard  and  there  are  no  inter- 
vening structures. 

(b)  The  view  of  the  roadway  is  interrupted  by  iso- 
lated buildings,  clumps  of  bushes,  scattered  trees, 
or  the  intervening  ground  is  soft  or  covered  with 
vegetation. 


Drop-Off  Rate 


3  dBA 

(a  =  0) 

3  dBA 
(a  =  0) 


3  dBA 

(a=0) 

4.5  dBA 

(a  =1/2) 


•The  line-of-sight  (L/S)  is  a  direct  line  between  the  noise  source  and  the  observer. 
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Figure  4.    Adjustments  for  Distances  Other  than  15  Metres 


e.     Finite  Length  Roadway  Adjustments  to  the  Reference  Levels 

Up  to  this  point,  it  has  been  assumed  that  the  roadway  is  infinitely  long  in  both  directions  in 
relation  to  the  observer.   In  many  cases,  this  is  not  true,  and  it  becomes  necessary  to  adjust  the 
reference  level  to  account  only  for  the  energy  contribution  of  the  roadway  that  is  visible  to  the 
observer.   Additionally,  it  is  often  necessary  to  separate  a  roadway  into  sections  to  account  for 
changes  in  topography,  traffic  flows,  shielding,  etc.   In  these  situations,  the  roadway  will  be  divided 
into  segments  of  finite  length  [6  ).  The  finite  length  roadway  adjustment  depends  on  the  orientation 
of  these  highway  segments  relative  to  the  observer  and  on  ground  effects. 


1.    Orientation  of  Highway  Segcmcnt 

The  following  procedure  will  be  used  to  determine  the  angular  relationship  l>etween  the  road- 
way segment  and  an  observer  facing  the  highway  segment.  (Refer  to  Figure  5) 

Step  1.    Draw  a  perpendicular  line  from  the  roadway,  or  the  roadway  extension  to  the 
observer.   All  angles  are  measured  from  this  perpendicular. 

Step  2.    Draw  a  line  from  the  observer  to  the  left  most  end  of  the  highway  segment.  The 
angle  measured  from  the  perpendicular  drawn  in  Step  1  to  the  line  connecting  the 
observer  and  the  left  most  end  of  the  roadway  segment  is  i/j,  .    If  0,  is  measured  to 
the  left  of  the  perpendicular  it  is  negative.    If0,  is  measured  to  the  right  of  the 
perpendicular  it  is  positive. 


Step  3.    Draw  a  line  from  the  observer  to  the  right  most  end  of  the  highway  segment  The 
angle  measured  from  the  perpendicular  drawn  in  Step  1  to  the  line  connecting  the 
observer  and  the  right  most  end  of  the  highway  segment  is  02.    If  02  's  measured 
to  the  left  of  the  perpendicular,  it  is  negative,  if  02  's  measured  to  the  right  of  the 
perpendicular  it  is  positive. 


Step  4.    Check  the  angles  0,  and  02  by  use  of  the  equation 

A0  =  4>2   -  0, 


(12) 


where 


and  v>  are  the  angles  in  degrees  identified  in  Steps  1-3  above. 

In  all  eases  Ao  will  be  positive  and  will  be  numerically  equal  to  the  included  angle 
subtended  bv  the  roadwa\  relative  to  I  he  receiver 
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Figure  5.   Angle  Identification  of  Roadway  Segments 


2.     (irotnul  Effects 


The  problem  of  finite  length  roadways  is  complicated  by  the  fact  thai  ground  effects  must 
be  taken  intu  account.    In  the  section  on  distance  adjustments,  it  was  indicated  that  the  drop- 
off rate  was  a  function  of  the  height  of  the  line-of-sight  and  the  nature  of  the  terrain  between  the 
observer  and  the  roadway.   The  finite  length  roadway  adjustment  is  aJso  affected  by  these  factors. 
Consequently,  the  finite  length  roadway  adjustment  factor  takes  the  form  of 


10|OE(^%^ 


% 


Mil 


where 

V,,(0] .  Oo '        is  a  fa<  tor  that  takes  finite  length  roadways  into  account. 

v, ,  <!>.,        are  the  angles  defined  in  Figure  5. 

o        is  the  site  parameter. 

When  <.  =  0,  the  site  is  reflective  (i.e.,  the  drop-off  rate  is  3  dBA  DD)  and  the  term  1 0  log(  ^  n(  ..> ,  .<:<■>)  1 
reduces  to  10  log  (Ad  n)  where  ±<p  is  defined  in  Equation  ( 12). 

This  implies  that  roadways  subtending  equal  angles  contribute  equal  energy  regardless  of  their 
position  relative  to  the  observer  when  the  sit"  is  reflective.  The  function  (Equation  (  13)    is  illuv 
traled  graphically  in  Figure  6 
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Figure  6    Adjustment  Factor  for  Finite  Length  Roadways  for  Hard  Sites  (a  =  0) 


When  o  =  1/2,  the  site  is  absorptive  (i.e.,  the  drop-off  rate  is  4.5  dBA  DP).   At  absorbing  sites, 
the  correction  10  log(  0  ]!2($]<  0^'n^  reduces  to  an  integration  ofvVos^  over  the  angular  limits  of 
the  roadway.  This  integration  has  been  performed  for  a  =  1/2  and  the  results  plotted  as  a  family  of 
curves  shown  in  Figure  7.   One  extremely  important  consequence  of  absorption  at  a  highway  site  is 
that  roadways  subtending  equal  angles  will  not  necessarily  contribute  equal  energies.  The  amount 
of  energy  contributed  will  depend  on  the  position  of  the  observer  relative  to  the  roadway  segment. 
Figure  7  also  indicates  that  the  adjustment  for  an  infinitely  long  roadway  is  a  ~1.2  dBA.  This  re- 
sults from  the  assumption  that  there  are  no  differences  in  emission  levels  (measured  at  15  metres) 
over  hard  and  soft  sites.  (See  Appendices  A  and  C  for  further  details.) 


Although  the  distance  adjustment  and  the  finite  length  roadway  adjustment  were  discussed 
separately,  both  values  depend  on  the  site  parameter  a.   Under  free  field  conditions  (the  observer 
has  a  unobstructed  view  of  the  highway  or  highway  section),  the  same  site  parameter  should  be  used 
to  make  both  adjustments  on  the  same  highway  or  highway  segment.  Thus  if  a  =  1/2  is  used  for  the 
distance  adjustment,  it  should  also  be  used  for  the  finite  length  roadway  adjustment.    . 
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Figure  7.   Adjustment  Factor  for  Finite  Length  Roadways  for  Absorbing  Sites  (a  =  1/2) 


f.     Shielding  Adjustments  to  the  Reference  Levels 

So  far  it  has  been  shown  that,  as  a  minimum,  the  equivalent  sound  levels  generated  by  a  streair 
of  traffic  decrease  at  the  rate  of  3  dBA/DD.  This  attenuation  is  accounted  for  explicitly  in  the 
FHWA  model  when  the  site  parameter  is  zero  (a  =  0).  This  phenomenon  is  illustrated  in  Figure  8(a| 

It  has  also  been  discussed  that  in  many  situations  ground  effects  can  lead  to  an  additional  at- 
tenuation of  up  to  1.5  dBA/DD.  This  only  occurs  when  both  the  source  and  receiver  arc  close  Id 
the  ground  and  the  terrain  between  the  observer  and  the  roadway  is  relatively  flat  and  sort  [6,8). 
As  a  result  of  this  additional  attenuation,  the  equivalent  sound  levels  decrease  at  a  rate  of  approxi- 
mately 4.5  dBA/DD  at  soft  sites.  Kxcess  attenuation  is  accounted  for  explicitly  in  the  FHWA  mode 
when  the  site  parameter  is  one-half  (o  "  1/2).  This  is  illustrated  in  Figure  8(b).  Note  that  the  .it ten 
uation  rates  shown  in  Figure  8(a)  and  Figure  8(b)  are  not  additive     the  user  can  only  choose  one, 
based  upon  site  conditions. 

Attenuation  due  to  temperature  gradients,  winds,  and  atmospheric  absorption  also  occur  but 
these  phenomenon  are  ignored  in  the  FHWA  method.   Attenuation  due  to  wind  and  temperature 
gradients  is  ignored  for  two  reasons    ( 1 )  atmospheric  conditions  vary  widely  from  hour  to  hour  ami 
from  site  to  site  and  the  (2)  attenuation  they  provide  is  not  permanent.   Atmospheric  absorption, 
caused  by  water  vapor,  is  not  important  in  highway  work  because  of  the  long  distances  sound  must 
travel  before  the  attenuation  from  this  mechanism  becomes  significant.  Although  atmospheric  efl'ccl! 
are  not  important  in  prediction,  they  can  be  very  important  when  making  measurements. 

Attenuation  due  to  shielding  is  also  an  important  mechanism  by  which  highway  sound  levels 
arc  lowered    Shielding  occurs  when  the  observer's  view  of  a  highway  is  obstructed  or  partially  ob- 
structed by  an  object  or  objects  which  significantly  interfere  with  the  propagation  of  the  sound 
waves.   Shielding  can  be  provided  by  dense  woods,  rows  of  buildings,  and  or  barriers. 


1.    Dense  Woods  und  Rows  of  Buildings  [6, 11] 

Fnough  information  is  known  about  dense  woods  and  rows  of  buildings  to  account  for  the  at- 
tenuation they  provide  by  simple  rules  of  thumb.  If  the  woods  are  very  dense,  i.e.,  there  is  no  clear 
line  of  sigh  t  between  the  observer  and  the  source,  and  if  the  height  of  the  trees  extends  at  least  5  metres 
above  the  line  of  sight,  then  5  dBA  attenuation  is  allowed  if  the  woods  have  a  depth  of  30  metres. 
An  additional  5  dBA  may  be  obtained  if  the  depth  of  the  woods  extends  for  another  30  metres. 
10  dBA  is  the  maximum  attenuation  dense  woods  can  provide.  This  is  illustrated  in  Figure  8(c). 

The  amount  of  attenuation  provided  by  rows  of  buildings  depends  upon  the  actual  length  of 
the  row  occupied  by  the  buildings.  3  dBA  is  provided  by  the  first  row  when  the  buildings  occupy 
40  to  65  percent  of  the  length  of  the  row  and  5  dBA  when  the  buildings  occupy  65  to  90  percent 
of  the  length  of  the  row.  No  attenuation  is  allowed  for  rows  of  houses  that  occupy  less  than  40  per- 
cent of  the  length  of  the  row.  1.5  dBA  additional  attenuation  is  provided  by  each  successive  row 
until  a  total  attenuation  of  10  dBA  for  all  rows  is  obtained.  This  is  the  maximum  attenuation  that 
this  mechanism  provides.  This  is  illustrated  in  Figure  8(d). 

The  excess  attenuation  provided  by  ground  effects  is  assumed  to  end  when  the  sound  waves 
reach  the  dense  woods  or  the  first  row  of  buildings.  Thus  the  attenuation  provided  by  dense  woods 
and  rows  of  buildings  is  only  additive  to  the  attenuation  provided  by  geometric  spreading 
(3  dBA/DD).   In  addition,  the  combined  effects  of  dense  woods  and  rows  of  buildings  are  only 
additive  until  a  maximum  of  10  dBA  attenuation  is  achieved.  Thereafter  the  effects  of  additional 
woods  and  rows  of  buildings  is  ignored  [6]. 
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Fifure  8.  Attenuation  of  Hifhway  Traffic  Noiw 


2.      Barriers 

Barriers  include  such  items  as  berms,  walls,  large  buildings,  hills,  etc.,  that  affect  sound  propaga 
tion  by  interrupting  its  propagation  and  creating  an  "acoustic  shadow  zone."  The  sound  level  is 
lower  in  the  shadow  zone  than  in  the  respective  free  field.  This  is  illustrated  in  Figure  8(e).  In  recem 
years,  the  construction  of  noise  barriers  has  become  a  fairly  common  method  of  abating  highway 
traffic  noise.  Although  this  section  only  addresses  manmade  barriers  constructed  specifically  for 
highway  noise  abatement,  the  principles  are  applicable  to  large  buildings,  hills,  depressed  sec- 
tions, etc. 

Barriers  have  been  constructed  of  a  variety  of  materials  and  in  three  basic  shapes— earth 
borm*.,  freestanding  wails,  and  combinations  berm-walls.   A  few  of  the  early  barriers  did  not  provide 
the  attenuation  for  which  they  were  designed.   Evaluation  of  these  barriers  has  pointed  out  seven! 
cruci,:!  features  of  noise  barriers  [  7-9  ] : 

( 1 )  The  transmitted  noise  must  be  10  dBA  less  than  the  diffracted  noise. 

(2)  The  barriers  cannot  have  cracks  in  them. 

(3)  The  Carriers  must  be  high  enough  to  break  the  line-of-sight  between  the  observer  and 
source  and  long  enough  to  prevent  noise  leaks  around  the  ends. 

These  problems  may  now  be  satisfactorily  addressed  by  engineers.  Two  additional  considera- 
tions have  recently  emerged  that  must  be  addressed  to  ensure  satisfactory  barrier  design  [8].   It 
appears  that  the  shape  of  the  barrier  affects  the  amount  of  attenuation.   Recent  data  suggests  that 
earth  berms  provide  about  3  dBA  more  attenuation  than  freestanding  walls.   Although  it  is  not  clear 
at  this  time  why  this  is  true,  it  probably  has  something  to  do  with  absorption  or  edge  effects.  The 
second  consideration  requires  the  introduction  of  an  expression  familiar  to  acoustical  engineers  but 
alien  to  highway  engineers  -field  insertion  loss  (I.  L.).  Field  insertion  loss  is  simply  the  difference 
in  the  noise  levels  at  the  same  location  before  and  after  the  barrier  is  constructed. 

Field  Insertion  Lo9s(I.L.)  =  L  (Before)  -  L  (After)  (14) 

where 

L  represents Leq(h)  orL10(/?). 

Thus  three  elements  must  be  accounted  for  in  barrier  designs:    barrier  attenuation,  barrier  shape, 
and  field  insertion  loss. 

(a)     Barrier  Attenuation  and  Barrier  Shape 

The  attenuation  provided  by  a  freestanding  wall  can  be  expressed  as  a  function  of  the  Fresnel 
number,  the  barrier  shape,  and  the  barrier  length  in  the  following  form  (see  Appendix  B), 


±n    =  10  log 


0/, 


—  io  10  d<t> 

'PL     L 


(15) 


where 

Ati      is  the  attenuation  provided  by  the  barrier  for  the  ith  class  of  vehicles. 

$H,  <*>L      are  angles  that  establish  the  relationship  (position)  between  the  barrier  and  the 
observer. 
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tanh  v/27r(N„).  eos0 


N,  <  -0.1916  -  0.0635e 


(-0.1916 -0.0635e)  <  A/,  <  0 


0  <  Nj  <  5.03 


N,.  ^  5.03 


20(1  +  0.15c) 

is  the  point  source  attenuation  for  the  j'th  class  of  vehicles 


where       A. 

Nj  -  (Na  ).  cos  <p 
e     is  a  barrier  shape  parameter,  0  for  a  freestanding  wall  and  1  for  an  earth  berm. 

N„     is  the  Fresnel  number  determined  along  the  perpendicular  line  between  the  source 
and  receiver. 

«V0      is  the  Fresnel  number  of  the  ith  class  of  vehicles  determined  along  the  perpendicular 
line  between  the  source  and  receiver. 


Mathematically  the  Fresnel  number,  N0,  is  defined  as 


N()   =2 


(16) 


where 


6()     is  the  pathlength  difference  measured  along  the  perpendicular  line  between  the  source 
and  receiver. 

X     is  the  wavelength  of  the  sound  radiated  by  the  source. 

The  pathlength  difference,  60,  is  the  difference  between  a  perpendicular  ray  traveling  directly  to  the 
observer  and  a  ray  diffracted  over  the  top  of  the  barrier, 


5„  =  An   +  B, 


(17) 


where  the  distances  A„,  fl„,  and  C(>  are  the  distances  shown  in  Figure  9.  Note  that  if  the  height  of 
the  noise  source  or  the  observer  changes,  the  pathlength  difference  will  also  change. 

Highway  traffic  noise  is  broadband,  i.e.,  contains  energy  in  the  frequency  bands  throughout 
the  audible  range  and  the  Fresnel  number  will  vary  according  to  the  frequency  chosen.  However  it 
has  been  shown  that  the  attenuation  of  the  A  -weigh  ted  sound  pressure  level  of  a  typical  car  is  almost 
identical  to  the  sound  attenuation  of  the  550  Hertz  band  [  10].  Based  on  this,  it  is  generally  assumed 


SOURCE 


BARRIER 
Fi#ur»  t.  PatHiMifth  Difference,  6 


OBSERVER 


that  the  effective  radiating  frequency  of  highway  traffic  noise  for  aJl  classes  of  vehicles  is  550  Hz. 
Therefore,  Equation  (15)  reduces  to: 

80\  /  no\       ./5506 


Nn   =  2^j  =  2  [-—■)  =  2  [~fif  j  =  3.2K5J  metres.  (U 

For  harrier  calculation*  only,  the  vehicle  noiw  sources  are  assumed  to  he  located  at  the  folio* 
ing  positions: 

( 1 )  Automobiles  —  0  metres  above  the  centerline  of  the  lane. 

(2)  Medium  Trucks  —  0.7  metres  above  the  centerline  of  the  lane. 

(3)  Heavy  Trucks  —  2.44  metres  above  the  centerline  of  the  lane. 
The  above  positions  attempt  to  take  into  account  and  centralize  the  locations  of  the  many  individual 
sources  contributing  to  the  overall  noise  radiated  by  medium  and  heavy  trucks,  i.e.,  tire,  engine, 
exhaust,  etc. 

For  barriers  ol  finite  length,  the  attenuation  provided  by  a  barrier  depends  on  how  much  of 
the  roadway  is  shielded  from  the  observer.  Thus,  it  is  necessary  to  establish  the  angular  relationship 
between  the  roadway  and  the  observer  and  between  the  barrier  and  the  observer.  The  angular  rela- 
tionship between  the  roadway  and  the  observer  was  discussed  in  Section  2(e)  and  illustrated  in 
Figure  5.  The  same  procedure  is  used  to  establish  the  angular  relationship  between  the  barrier  and 
the  observer,  except  that  the  angles  which  establish  the  end  points  of  the  barrier  are  identified  as 
<pL  and  <pR .  This  orientation  assumes  that  the  observer  is  facing  the  barrier.  The  angle  measured 
from  the  perpendicular  to  the  left  most  end  of  the  barrier  is  0^.  The  angle  measured  from  the 
perpenducular  to  the  right  most  end  of  the  barrier  is  0ft .  Angles  measured  to  the  left  of  the  perpen 
dicular  are  negative  and  angles  measured  to  the  right  of  the  perpendicular  are  positive.  Only  three 
cases  are  possible  and  they  are  shown  in  Figure  10.  The  advantage  of  this  procedure  is  that  the  ob- 
server can  now  be  located  at  any  point  and  the  attenuation  provided  by  the  barrier  can  be  computed 

With  knowledge  of  N0,  <t>L,  <t>R  the  integral  in  Equation  (15)  can  be  solved.  This  integral  has 
been  numerically  integrated  for  a  range  of  values  of  N0  =  -0.2  to  N0  =  100,  and  is  presented  in  ten 
degree  increments  in  Appendix  B.  The  barrier  attenuation  values  given  in  these  tables  are  for  free- 
standing walls.  When  using  the  tables  to  determine  the  attenuation  due  to  earth  berms,  add  3  dBA 
to  the  values  shown  in  the  tables  [  8  ] . 

For  infinitely  long  barriers,  i.e.,  <pL  =  -90°  and  <t>R  =  +90°,  the  attenuation  provided  by  the 
barrier  can  be  read  from  Figure  11  for  positive  values  of  N0.  For  negative  values  of  N0,  see  Figure  12. 
Figures  11  and  12  are  based  on  the  tables  in  Appendix  B  using  <pL  =  -90°  and  0fl  =  +90°. 
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Figure  10.  Angle  Identification  of  Barriers 
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